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Topdressing Nitrogen, Phosphorus 
and Potassium on Cool Season 
Grasses for Pasture 
Production 
Earl M. Kroth and LOllis Meinke 
INTRODUCTION 
More than 50 percent of Missouri farmland is unfit for row crop production 
unless effective erosion control precautions are taken. Much of this land was 
pastured by dairy, beef, or dual purpose cattle as the state's agriculture developed. 
Beef cattle were produced primarily in the corn growing areas where they were 
used as scavengers of crop residues and forage growing on land unfit for 
cultivation . Dairying generally developed in less favorable corn areas where 
grasses could be grown; Southwest Missouri for instance. 
A change in emphasis began in the 1940s when a new tall fescue variety, 
Kentucky .31, was introduced into Southwest Missouri and the local county soil 
testing laboratories were established, Graham (8). The availability of relatively 
inexpensive N, P, and K fertilizers made possible the pasture studies during the 
1950s reported by Brown (2) (3) in which the soils were brought up to "soil test" 
recommendations coming from the soil testing labo ratories . Fertilizer recom-
mendations were intended to remove plant nutrients as limiting factors in the 
production of all field crops. Brown's studies were made on plowable rotation land 
where stands of 4- 5 years duration were expected. These stands were often 
established with grain drills equipped with grass seeding attachments (1). By this 
time the terms "to soil test," "plow down ," "basic," and "corrective" treatments 
were common in the vocabulary of progressive farmers . 
The introduction of tall fescue in the 1940s and availability of inexpensive 
fertilizers through the 1950s and 1960s helped to increase beef cattle numbers 
throughout Missouri , Figure 1. This was especially true in Southwest Missouri 
where tall fescue was well adapted to the stony, droughty soils of the area. The 
interest in pasture production resulted in the establishment of the Southwest 
Research Center near Mount Vernon, Lawrence County, in 1959. Forage crop 
research has been and continues to be the predominant concern of this center. 
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Data compiled from Missouri Statistical 
Reporting Services by Professor James E. Ross, 
Beef Cow-Calf Specialist, Department of Animal 
Husbandry, University of Missouri-Columbia, 
Columbia, Missouri. 
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Figure I. Number of Beef Cows that had calved by January 1, 
1947-1979. 
Several stLldies designed to compare optimum forage yields with soil test 
values were started in 1961 at the Southwest Center as were several stLldies to 
evaluate topdressing as a method of supplying nutrients to forage crops, Kroth et 
al. (11). Tall fescue acreage continued to expand throughout the state with 
growing cattle numbers dllfing 1960-1973, stimulated by the development of 
large feed lots and a surplus of low priced feed grains (Figure 1). Encouragement 
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to use pastures as a means of increasing Missouri farm income was given by 
extension publications such as Missouri Livestock Forage Manua/ 1966 (15) and 
Ozark Beef COUl-Calf Program, 1969 (17). These publications stressed the 
importance of soil testing and following limestone and fertilizer recommenda-
tions based on soil tests from the 0-7 inch plow layer. 
The expansion of pasture acreage and beef cattle numbers was due to the 
adaptability of tall fescue to the hilly, droughty soils of the state. In south 
Missouri fescue stands were often obtained by broadcasting seed and "starter" 
fertilizers on areas growing broom sedge, and brush or low quality scrub timber 
which had been either bulldozed, sprayed with tree killing herbicides or both. 
The more conventional methods of planting were used in North Missouri . 
Fertilization of such pastures continued to be based on the "fertilize the soil" 
concept of the " up to soil test" recommendations . Often large quantities of 
limestone, superphosphate and potash would be recommended as topdressings, 
the only method of applying fertilizers and limestone to the hilly soils of north 
Missouri and hilly, stony soils of south Missouri. Results of preliminary studies 
reported by Krothet a/. (11) showed that nutrients tOpdressed annually in smaller 
quantities produced yields equally high as the heavier recommended rates. Also 
tests on soil samples taken by one inch depths of these heavier tOpdressed soils 
showed high levels OfP20 5 and exchangeable K in the surface 2 to 3 inches, Kroth 
et al. (12) (13). Consequently, a "feed the plant" approach to pasture production 
was taken and studies established after 1970 were designed on this thesis. Studies 
reported here are part of those experiments planned to evaluate "feed the plant" as 
a viable, efficient method of producing pasture forage on Missouri land not under 
rotation. 
Evaluation of these studies was made by determining responses to different 
topdressed rates ofN, P, and K in terms of tons of hay per acre per year. Optimum 
yield limits were intended to be no higher than that which could be utilized as 
"grazeable" forage, with good management, without a complicated rotational 
grazing system. An average annual production of 3 T/A was the production goal 
considered to be optimum. In years of good rainfall distribution, excess forage 
could be harvested as hay or green chopped . Years with limited rainfall, forage 
from another source would be necessary. 
Estimates are that from 65 to 75 percent as much forage can be harvested per 
acre by pasturing it as by harvesting it as hay, depending on forage quality and 
grazing management ." A conservative estimate of the grazing equivalent of 3 
T/A would be 6 Animal Unit Months, Jacobs ," or 200 Cow Days per acre, 
Wheaton," Hanson et al. (9) . 
.. Personal Communications from: Dr. R. E. Blaser, Department of Agronomy, Virginia 
Polytechnic Institute and State University, Blacksburg, Virginia; Dr. R. E. Morrow, Department 
of Animal Husbandry, University of Missouri-Columbia; Dr. V. E. Jacobs. Department of 
Agricultural Economics, Universi ty of Missouri-Columbia , Dr. H. N. Wheaton, Department 
of Agronomy, University of Missouri-Columbia. 
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Prior to 1970, reed canarygrass had shown promise as a pasture grass on hilly, 
well drained areas in the cooler parts of the country as reported by Wedin et al. 
(18). Tall fescue was accepted as a suitable pasture grass in northern Missouri by 
this date. Consequently, topdressing studies involving these grasses were 
established at the North Missouri Center, Spickard, Grundy County, with 
varying N, P, and K rates topdressed on stands established with only a minimum 
of banded N-P-K fertilizer. 
Part I of this bulletin summarizes the research with fescue and Part II, the 
research with Reed Canarygrass. 
OBJECTIVES - COOL SEASON GRASSES 
The objectives of these studies were: (1) determine the 0-3 inch depth P20 5 
and exchangeable K soil test values related to optimum forage yields produced by 
topdressed fertilizers, (2) determine the annual qu,illtities of pzO;) and K20 
topdressed fertilizer necessary to maintain optimum forage production without 
increases in the 0-3 inch depth soil test values, 0) clarifY the role of luxury 
consumption in "Feed the Plant" method of forage production on non-rotation 
soils, and (4) determine nitrogen needs for optimum forage production in ab-
sence of legumes. 
SUMMARIES AND CONCLUSIONS 
1. Split applications of 160 lbs N/ A/yr for optimum yields of tall fescue and 
reed canarygrass were indicated (Studies I ,II) . 
2. Both experimental sites (eroded Shelby and Grundy soils) needed P fertilizer 
to produce the optimum grazeable forage yields of tall fescue and reed 
canarygrass (Studies I,ll). 
3. The 0-3 inch depth P20 5 soil test values, in lbs P20s/2,000,000 lbs of soil 
for optimum forage production of both grasses, were: tall fescue-Bray P2 
471bs, Pl 331bs; reed canarygrass-Bray P2 361bs, P l 26lbs (Studies I,ll). 
4. The practical rate ofP20 s application is proposed at 30 lbs/A/yr where forage 
is removed. Under grazing conditions, annual applications would not be 
necessary due to nutrient recycling (Studies I ,II). 
5. Applications ofP20 s fertilizer beyond optimum forage needs result in luxury 
consumption of P and increases in 0-.1 inch depth PZ0 5 soil test values 
(Studies I ,II). 
6. The eroded Shelby soil needed annual applications of K20 in combination 
with 30 lbs P20 S fertilizer to produce optimum yield of 3 T/ A of tall fescue 
hay (Study I) . 
7. The eroded Shelby soil supplied sufficient K from the exchange complex or 
decomposition of K-bearing minerals in addition to tOpdressed K20 to 
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maintain an exchangeable K test value for the 0-3 inch depth sufficient to 
produce 109% of the optimum yield of 3 T/A/yr. This soil test value was 100 
Ibs exchangeable Kl2,000 ,000 Ibs of soil (Study I). 
8 . The luxury consumption capacity of tall fescue for K was determined to be 
140 Ibs KI A/yr. This tendency explains the resulting low soil test values of 
the 0-3 inch depth when high rates of KzO are topdressed and the forage is 
removed as hay (Study 1). 
9 . Soils that have an exchangeable K soil test value of 100 Ibs/2,000,000 lbs of 
soil for the 0-3 inch depth should not need additi~nal KzO topdressed when 
the forage is pastured. Recycled K in urine and feces should be sufficient for 
optimum forage production of cool season pastures on such soils (Studies 
I,ll) . 
10 . The Grundy soil provided adequate exchangeable K for optimum reed 
canary forage production . Topdressing additional KzO in combination with 
tOpdressed P205 resulted in luxury consumption of K . 
11. Reed canarygrass appeared to have higher K and P luxury consumption 
capacities than tall fescue: 170 Ibs vs . 140 Ibs KlA/yr; 17 Ibs vs . 131bs 
P/A/yr (Studies I,ll) . 
12. Topdressed rock phosphate accompanied with 200 Ibs N/A/yr supplied 
adequate P for optimum forage production ; equivalent to 30 lbs PzOs 
topdressed/A/yr. (Studies I,ll) . 
13. Nutrient recycling under grazing conditions can result in higher than 
necessary PzOs and exchangeable K soil test values. Occasional monitOring 
of these by 0-3 inch depth soil testing, and using the soil test values 
indicated by this study would result in efficient pasture fertilization (Studies 
I,ll) . 
14. Soil test values of the 0-3 inch depth (lbs/2,OOO,000 lbs of soil) for 
optimum cool season grass production indicated by these studies are: PZ0 5 
Bray Pz, not greater than 50 Ibs; PZ0 5 Bray 1, not greater than 35 
lbs; exchangeable K not greater than 100 lbs . 
15. The tendency of topdressed PZ0 5 and KzO to accumulate in the upper one to 
two inches, the rapid absorption of P and K from these depths under 
favorable soil conditions and the phenomenon of luxury consumption make 
topdressing an efficient method of supplying nutrients to forage crops . 
Study I 
Topdressing Tall Fescue With Nitrogen, 
Phosphorus and Potassium 
PROCEDURE 
Certified Kentucky 31 tall fescue was planted at a rate of Illbs/A in a prepared 
seed bed with a John Deere grain drill which banded 24 + 24 + 24** with the seed 
in August 1970, on an eroded Shelby silt loam soil near the North Missouri Center, 
Spickard, Grundy County. Three cons of calcium limestone were disked into the 
upper part of the plowed layer during seed bed preparation . The study consisted of 
48 treatments composed of the following rates of N, P205 and K20 in all 
combinations: N-O, 60, 120; PZ0 5-O, W, 60,320 (rockphosphate applied first 
year only); K20-O, 50, 100, 150;1 replications. Beginning in 197.3 the N rates 
were changed co: 0, WO, 200 (split 100 lbs March, 100 lbs after first cutting) . Plots 
were 8' X 40' separated by 2-ft strips at the sides and 5-ft borders at the ends. Plots 
were harvested with a modified 5-ft tlail type forage harvester and extra sized burlap 
bags . Grab samples of 500-600 grams of chopped material were taken from each bag 
for moisture and later P and K determinations. Two harvests were planned, late 
spring and after growth stopped in the fall. Yields were calculated as tons of hay, 
15% moisture. By 1974 the zero N plots had reached a constant of 0.5 T/A. 
Certified Kenstar red clover W~L'i seeded in these plots in February, 1975. The clover 
seedlings died due to drought in August, 1975, and these plots were dropped from 
the study, resulting in a final experiment of a 2 X 4 X 4 factorial with three 
replications as follows: 
N 
1 = 1001b/A 
2 = 200 lb/A (split) 
I = 0 
:2 = 50 1b/A 
.1 = 601b/A 
4 = .320 lb as rock phosphate 
1=0 
2 = 501b/A 
.1 = 1001b/A 
4 = ISO lb/A 
Throughout the rest of the publication , three dig it numbers will be used to 
designate the combination of these three nutrients used for various treatments . The 
first digit refers to the number of an N rate of application in the first column above, 
the second digit to the P20 5 column, and the third digit to the K20 column. For 
example, a treatment designation of (212) represents 200 pounds N , 0 pounds 
P20 5 , and 50 lbs K20 per acre per year. 
Fertilizers were topdressed annually in March with an 8-foot Gandy spreader. 
Initial soil samples were taken of 0-7 and 8-14 inch layers of soil; composite samples 
were taken from eight different areas . The means of these samples are given in Table 
1. Rainfall for the study period is given in Table 2 . + 
... All references of this type indicate N + P205 + K20 in lbs per am:. 
+ Rainfall dara contributed by Dr. Wayne Decker, Department of Atmospheric Science, 
University of Missouri-Columbia, Columbia, Missouri 
Table l. Initial Soil Test Values, Shelby Silt Loam. 
P205 * Neutralizable Lbs/A Lbs/Acre Depth O.M. Acidity CEC 
Inches % PI P2 pHs K Ca Mg Me/100 gm t~e/1 00 gm 
0-7 3.1 18 23 4.4 162 3255 686 10.0 21.2 
8-14 2.2 7 9 4.4 219 4400 926 10.6 25.5 
* PI> P2 i ndi ca te Bray I s weak and strong extractants respecti ve ly. Excilangeab 1 e K was determi ned by 
ammonium acetate extraction and soil pHs was meas ured in 1:1 soil 0.01 11 CaC12 suspension. 
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Table 2. Precipitat ion North Missouri Center 1970- 1978. 
PreciQitat ion in Inches 
Months 1970 197 1 1972 1973 1974 1975 1976 1977 1978 
Janu ary 0 . 10 1. 88 0. 37 3.05 1. 53 0. 70 0.24 0.62 0.29 
February 0. 22 1. 07 0.55 1. 73 1. 03 1.26 0.90 0.53 1. 24 
Ma rch 1. 60 0.98 1. 43 8 , 35 1. 26 1. 65 4.75 3.84 1. 47 
Apri 1 3. 91 2.43 3.21 4. 57 1. 95 3. 31 4.79 2.37 5.48 
May 4.99 2. 83 5.29 6.16 4. 23 4. 85 3.67 4.49 6.47 
June 3.67 2.77 4.19 3 .~9 4.46 3.05 2.35 1. 78 3. 39 
Ju ly 0.92 3. 75 2. 34 8.68 1.72 1. 32 0.94 1. 33 3.60 
August 8. 61 0.56 2.30 2. 25 3.87 3. 38 1.91 8.79 6.52 
September 9. 12 2.40 4.52 7.14 3.39 5.05 3.03 7. 19 5.36 
Oc to~er 3.74 2.88 1. 67 3 .2.9 5.87 0.26 2.81 6.15 0. 57 
November 1. 17 3.90 3.m 1. 61 1.29 3.30 0.12 0.92 3.9 5 
Dece!;lber 1. 56 2.88 1. 57 2.22 1. 34 1. 32 0.20 1.06 0.52 
Tota 1 39 .61 2B.33 31.Bl 53.34 31. 94 29 .45 25 . 71 39 . 07 3!l .86 
Departure 
f rom long 
Term t1ean 2.1 8 -9 .87 -E.39 15.14 -6.26 - 5.72 -9.46 3.90 3.69 
Plots were sampled by i-inch depths to a depth in 6 inches in the fall of 197.1; 
samples of each replication for each depth were composited for a single analysis. 
Results are given in Appendix L1ble 1. 
Final soil samples were taken at the termination of the study by i-inch depths to 
a depth of 6 inches , 12 cores from each plot composing an individual sample for 
testing. The seventh inch of the plow layer was not sampled , for reason of 
economy, as previous studies ( 12) (13) had shown its value was similar to that 
of the sixth inch. Results are recorded in Appendix Tables 2, 3, and 4 . Soil 
testing procedures outlined by Brown et al. (4) were used on all soil samples . Soil 
extractants were calibrated to g ive results in pounds of nutrients per 2,000,000 
lbs of soil (7-inch furrow slice, 1 acre in area) . When a sample represents an 
acre inch instead of an acre seven inches, the result should be interpreted as 
nutrient concentration in pounds per 2 ,000 ,000 pounds of soil. Since the sample 
represents only 1 inch of the acre furrow slice the test results need to be divided 
by seven to get the actual pounds of nutrient in the acre inch of soil sampled . 
Determinations ofP and K contents of harvested forage were made on the grab 
samples. Results are recorded in Appendix Tables 5 and 6. Analyses were made by 
the Missouri Agricultural Experiment Station laboratories , Columbia, following 
standard methods . 
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RESULTS AND DISCUSSION 
Summaries offorage yields, amounts offertilizer P and K applied , amounts of 
P and K removed by harvested forage, and resulting PZ0 5 and exchangeable K soil 
test values for the 0-3 inch depths are given in Table 3. 
Forage Yields 
The 7-year average forage yields, 1971-77, ranged from 1.47 to 3.56 T/A, 
depending on the nutrient combinat ions and interactions involved . The factorial 
combination (222) which produced a 7-year average yield of 3 .07 TI A was chosen 
as the basis of comparison since this yield was accepted as the optimum that could 
be efficiently grazed by cow herds . The annual production of the chosen 
combination varied from 1.20 T/A (1971) to 5. 57 T/A (1973), depending on 
rainfall amount and distribution (Table 2). 
Yield Response to Fertilizer Nutrients 
Nitrogen. Nitrogen was essential to the production of forage on this soil. 
Plots getting no N but all rates ofP and K produced an average annual yield ofO . 5 
T/A, no better than the non-fertilized plots of the original study established in 
1971. N at 100 lbsl A produced 1.47 TI A in the absence of P and K (111) (Table 
3). Increasing the N to 200 Ibs/A (211) did not statistically increase the yield. 
However, the yield was increased over the (Ill) treatment to 2.00 T /A with 30 
lbs p;!O.,; in addition to 100 lbs N topdressed annually (121). Adding an 
additional 100 lbs N I A (221) increased the yield over the (121) treatment to 2.75 
T/A. 
Plots getting 200 lbs NI A/yr gave evidence ofN carryover, indicating that less 
N would be just as effective in producing forage over a period of years. The first 
cutting yields in Table 3, show a seven-year average yield increase of .44 TI A for 
(222) over (122). Both set of plots received 100 lbs N in March; the yield 
increase was due to the unused portion of the second 100 lbs N of the (222) 
treatment applied after the first cutting the year before. Assuming the yield 
increase due to the N of the second 100 lbs would be at the same rate as the 
first 100 lbs, the carryover N was equivalent to about 34 lbs Nand 66 lbs 
of the N applied after the first cutting was used by the second cutting. 
This indicates a total of 160 lbs N would produce the same yields as 200 lbs . 
Observations from other nitrogen experiments and pasture studies, Kroth et al. 
(14), indicate that 160 lbs N/A/yr split into two equal applications would be 
a more efficient N application rate for producing the optimum yield as hay, 3 
TI A. (Note 1, Appendix). When this forage is grazed, the recycled N in the feces 
and urine would indicate a reduction in N rate possibly to 50 lbs N per applica-
tion. Maintaining a legume such as red clover in the pasture could eliminate the 
use of fertilizer N. 
Table 3. Tall Fescue Yield s , Total P and K .~pplied, Total P and K Removed, and Se l ected Final Soil Tes t Values after Seven Years. 
Final Soil Test Values 
Total P, K Fertil i zer 0-3 Inches Yields, 7 Yr. Average Total P, K Removed/A P, K in Soil Lbs/2,OOO,OOO lbs. 
Factorial Total Cut 1 Cut 2** Applied Lbs/A P K LbsLA P205**** 
P K T IA T/A ~I, Total T/A Lbs. 'I, Total Lbs . ,; Total p** * Pl P2 Ex K 
2 3 3 3.56a* 2.55 n 1. 6C 185 581 98 53 761 131 87 -180 56 74 94 
2 3 4 3 . 47 a 2.46 71 1.61 185 872 87 47 880 101 98 - 8 59 96 111 
2 4 4 3 . 32 ab 2.29 69 1.61 141 872 68 48 902 103 73 - 30 29 94 133 
2 4 3.26 abc 2.32 71 1. 4" 92 872 78 35 892 102 15 - 20 42 49 110 
2 3 2 3. 12 bcd 2. 19 70 1. 51 185 291 87 47 51 8 178 98 -227 56 85 110 
2 2 2 3. 07 bcde 2.23 73 1 . 4< 92 291 73 79 560 192 19 - 269 37 54 89 
2 2 3 3. 06 bcde 2.26 74 1 .35 92 581 72 78 681 117 20 -100 29 40 84 ?:' 
2 4 2 2.95 cdef 2 .04 69 1. 46 141 291 56 40 523 180 85 -232 26 137 99 tJ1 
2 4 3 2.90 def 1.98 68 1. 44 141 581 53 38 787 135 88 -206 29 102 117 v, tJ1 
2 1 2.75 fg 1.98 12 l.n 92 0 73 79 354 0 19 -354 41 52 110 :> 
2 3 1 2.63 fgh 1.90 72 1.11 185 0 93 50 418 0 92 -418 82 108 107 ::0 
1 4 4 2. 50 9 hi 1.95 78 . 79 141 872 51 36 745 85 90 127 40 158 210 () 
2 4 1 2.47 ghij 1. 76 71 1. 04 141 0 58 41 361 0 83 -361 25 148 106 :r: 
1 3 4 2.35 hijk 1. 91 81 .64 185 872 66 36 703 III 119 169 132 154 217 tJj 
1 4 3 2.33 hi jkl l. e3 79 .75 141 581 40 28 565 97 101 16 30 148 171 c: 
2 1 4 2.32 hij kl 1. 50 65 . 87 0 en 31 0 563 65 - 31 309 17 24 258 t'"' t'"' 
1 4 2 2 . 26 ijk1 1. 75 77 .77 141 291 56 40 523 180 85 -232 26 222 125 ttl 
1 2 4 2.15 ijk1m 1. 79 83 . 1:,7 92 872 5f) 61 73 1 84 36 141 51 57 187 >-! 
1 3 3 2. 14 jkl m 1. 78 83 .L'!9 185 581 67 36 604 104 11 8 - 23 126 135 132 Z 
1 2 2 2. 11 k1mn 1. 79 85 .42 92 29 1 51 55 458 157 41 -167 49 63 127 
...... 
1 2 3 2.07 klmn 1. 12 83 . 57 92 581 58 63 629 108 34 - 48 48 68 148 0 
1 2 1 2.00 1mno 1. 70 85 .4 0 92 0 49 53 315 43 -315 43 56 114 \j.) 
1 3 2 1 .97 mno 1. 71 87 . 43 185 291 66 36 511 176 119 - 220 }19 130 132 'D 
1 3 1 1. f,7m nop 1.62 87 .38 185 0 59 32 350 0 126 - 350 98 126 122 
1 4 1 1 .82 mnopq 1. 45 80 . 4!J 141 0 47 33 312 0 94 -312 24 148 106 
2 1 3 1 .78 nopq 1. 19 67 . 91 0 581 24 0 391 67 - 24 190 13 18 218 
1 2 1.72 opq 1. 43 83 .42 0 291 27 0 410 141 - 27 -119 15 23 123 
1 3 1 .71 opq 1. 37 80 . 49 n 581 20 0 391 67 - 20 190 9 14 236 
1 2 1 .68 opq 1. 13 67 .27 0 29 1 21 0 349 120 - 21 - 58 13 18 130 
1 1 1 . 67 oPQ 1. 24 74 .£5 0 0 26 0 290 0 - 26 -290 17 25 103 
1 4 1.58 oq 1. 26 80 ,l4 0 872 18 0 385 44 - 18 487 15 28 351 
1 1 1 . 47 Q 1.13 77 .50 0 0 19 0 244 0 - 19 - 244 14 18 11 2 
!-1eans fol1m-leG by sar.1e lette t~ a )~e not s i gnif icantly differen t . Duncan's nel"! Hul tiple range t es t .5:; l eve l. 
Fout· .i'ea~· mea ns duE' to drought. 
*** To change It·s . P to lbs. P~O <; mult i ply by 2.29 
**** Pl Pz indi cates S t~a'y I S \'Ie<l , aPL stron9 ex tt~actants t~espect ive l .v. ...... 
\,)J 
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Potassium. The addition of 50 lbsl A K20 (222) significantly increased the 
yield over the (221) treatment to 3.07 T /A . Additional K did not significantly 
increase yields until applied with 60 lbs P20" (233). Increasing the K20 rate 
(234) produced no further yield increase. The 50 lbs K 20 of the (222) treatment 
was necessary to produce the optimum yield of 3 TI A because the forage was 
removed as hay. If this forage had been grazed and the K had been returned in feces 
and urine, it is apparent that K fertilizer would not have been needed to produce 
the optimum yield. If the forage is occasionally removed as hay, K may be needed 
at the rate of 50 lbs KzO/A, (222) to maintain production . 
Phosphorus. Phosphorus at .~O lbs P20;; topdressed annually would be 
sufficient to produce fescue forage as hay at the 3 T /A level (222). If the forage 
were grazed, 30 lbs PzO;,; topdressed annually would result in increased PzO;; soil 
test values due to recycIi ng ofP in the forage. In this case the phosphorus fertilizer 
could be reduced or possibly applied in alternate years to maintain an efficient 
PzO" soil test level. 
Phosphorus and Potassium Uptake by Tall Fescue 
The P and K contents of fescue forage removed as hay for most years of the 
study period are given in Appendix Table 5. Estimates of total P and K removed 
by forage during the seven years of the study are given in Table 3. It is assumed 
that the differences between total fertilizer P and K applied and amounts removed 
by forage affected the quantity of available nutrients and influenced the final soil 
test values, Table .) and Appendix Tables 2, 3, 4 . 
A summary of the forage yields , quantities of P and K removed by forage, and 
the concentrations of P and K in the removed forage for treatments containing 
200 lbs N/A are given in Table 4. 
Phosphorus. The zero P series of treatments labeled 21X (see note at bottom 
Table 4) indicate that a mean forage content of about 0.11 % P is near the lower 
limit for tall fescue growth. The soil under pressure from high Nand K (214) 
Table 4, released sufficient P to increase the yield significantly and increased total 
P uptake over a lower K level (213) but the forage P content remained near the 
apparent critical level, 0.12% , (214) Table 4. 
The total P removed over the 7-year period by the 21X series was 261bs/A, 
Table 4 . This removal had very little effect on the PZ0 5 soil test values of the 0-3 
inch depth of this 21X series ( 15 and 21 lbs , respectively), Table 5, as they were 
near the original P205 test values of 18 and 23 lbs. PI and Pz respectively, Table 1. 
The 30 lbs Pz0 5/A, series 22X, increased yields significantly over the 21X series, 
increased P content offorage to O. 18%, Table 4, and the final P20 5 soil test values 
of the 0-3 inch depth, to 37 and 49lbs PI and Pz respectively, Table 5. This series 
of P treatments 22X gave the highest percentage of fertilizer P recovery of the 
study, an average of 80%, Table 3 . 
The mean forage P of the 22X series (Table 4) of O. 18% for both cuttings 
indicates that for yields greater than 2.32 T/A the P- content of the plant dry 
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matter needs to be greater than 0 . 11-0.12% . On the other hand the 2.)X series 
increased the P content of the forage above that for optimum yields of the study, 
0.22 % mean of both cuttings, Table 4; increased the final P~O~ 0- .) inch depth 
soil test values to 6.1 and 91 Ibs respectively, Table 5; and increased yields only in 
combination with 100 Ibs K20 (233), Table 4. The forage P contents of the 2.1X 
and 22X series, 0.22% and 0.18% , respectively, give evidence that the forage P 
of the 2.3X series was greater than needed by tal l fescue and that luxury 
consumption of P occurred at the 60 P~O;; Ibl A topdressing rate. The P luxury 
consumption capacity! of tall fescue would be about 1.) Ibs P/A/yr according to 
this study (Figure 4). The 14X series (Table 4) gave evidence that ropdressed rock-
phosphate in the presence of 200 Ibs NI A ropdressed annually supplied adequate 
P for optimum forage yields. The P content of the forage, 0 . 15-0.1601: , might 
be near the level for most efficient use of fertilizer phosphorus . 
Potassium. Most of the treatments removed more K from the soil than was 
applied, Table 3. The quantity supplied by the soil was sufficient to produce a 
seven-year average yield of2 .75 T /A (221) . The average total K removed in seven 
years by the 2Y 1 series was .156 lbs , Table 4. This is equivalent to 61 Ibs K~O 
annually. The average K content for both cuttings of the fescue forage of the series 
was l.08 i/f,. This value is interpreted as being the minimum K content offescue 
dry matter needed for growth as yields did not increase over 2.75 T /A when P20;; 
was increased to 60 lbsl A (2.11). However, adding 50 Ibs K20 to topdressed P20 5 
(2Y2 series) removed an average total of 488 Ibs K in seven years, 1.12 Ibs more 
than the 2Y 1 series and 197 I bs more than applied by fertilizer. The highest 
average yields of the study were produced by the 2Y.1 and 2Y 4 series, the higher 
K rates combined with the higher Prate, (2 .15) for example, produced the highest 
yield of .1. 56 T /A. This (2.)3) treatment increased the mean K content offescue 
forage to 1.55% , mean of both cuttings. The highest K rate, 150 Ibs K20 (234), 
did not further increase yields but increased the mean K content of both cuttings 
of the forage to 1. 87% . The quantities of K removed over the study period by 
these higher K rates were 655 and 809 Ibs KIA respectively. 
The 3 T/A production level selected as a grazeable optimum would be 
produced by the (222) combination and would remove from the soil 560 lbs K 
over a 7 -year period, Table 4, or 352 Ibs more K than was applied, Table .). If the 
forage of this treatment were grazed and the nu trients recycled in feces and 
urine , the K concentration in the upper 2 inches of soil would become much 
higher than necessary. The 50 Ibs K201 A were needed because the forage was 
removed in this study. 
The 2Y 1 series removed an average of -' 5 6 I bs or 50 I bs K per year. 1 f the forage 
had been grazed and the K returned in feces and mine it would be expected that 
within a few years the K level in the upper 2 inches of soil would be adequate to 
supply the K needs to produce the goal of 3 T /A of grazeable forage without any 
fertilizer K. Comparison of the original exchangeable K value, 162 Ibs/A, Table 
1, with the data in Table 3 shows that the exchangeable K concentration in the 
'St l' norl' 2. ApPl·ndix 
Table 4. Forage yields, total uptake of P and K by tall fescue fer different P205 and K20 rates combined with ...... 0-
200 lbs N, and P and K content of forage, seven year means .* 
P K 
Forage Mean Forage ~lean Factorial % Factorial % Yield Uptake Yield Uptake 
N P K** TIft. Lhs. Cut 1 Cut 2 N P K T/A Lbs. Cut 1 Cut 2 ~ 
V; 
V> 
2 1 1.67 opq 26 .11 .10 2 1 1.67 opq 290 1. 26 1.11 0 c:: 
2 2 1.68 opq 21 .11 . 10 2 2 2.75 fg 354 .94 1.00 ~ 
2 3 1.78opq 24 .11 .10 2 3 2.63 fgh 418 .99 1.11 :> 
2 4 2 . 32 hijkl 31 . 12 .11 2 4 2.47 ghij 361 1. 20 .97 Cl 
fl.vg 26 -:-IT -:TO fl.vg 356 TTO 1.05 ::0 () 
" 
2 1 2.75 fg 73 .20 .18 2 1 2 1.68 opq 349 1. 76 1.68 c:: l. t" 
2 2 2 3.07 bcde 73 . 19 .18 2 2 2 3.07 bcde 560 1.40 1.20 .., 
2 2 3 3 . 06 bcde 72 .18 .17 2 3 2 3.12 bcd 518 1. 24 1. 21 c:: ::0 
2 2 4 3.26 abc 73 .18 .16 2 4 2 2.95 cdef 523 1.35 1.30 >-t" 
Avg 74 -:l9 -:T7 Avg 488 1.44 1. 35 tTl 
2 3 1 2.63 fgh 73 .24 .23 2 1 3 1 . 78 opq 391 1.83 2.00 >< 
'" 2 3 2 2.12 bcd 87 .23 .21 2 2 3 3.06 bcde 681 1.72 1.35 m ~ 2 3 3 3.56 a 98 .22 .20 2 3 3 3.56 a 761 1. 73 1.36 s:: 
2 3 4 3.47 a 87 .23 .21 2 4 3 2.90 def 787 1. 99 1.82 m 
AVl) 86 -:23 -:2T Avg 655 1.82 1.63 Z .., 
2 4 1 2.47 ghij 58 .16 .17 2 1 4 2.32 hijkl 563 2.13 2.30 (/) .., 
2 l! 2 2.95 cdef 56 . 14 . 16 2 2 t: 3 . 26 abc 892 2.17 1.88 >-
2 4 3 2.90 def 53 .13 .14 2 3 4 3.47 a 880 1.93 1.81 
.., 
6 2 4 4 3.32 ah 68 .17 .16 2 4 4 3.32 ab 902 2.13 2 . 05 Z 
fl.vg 59 -:l5 -:l6 Avg 809 2.09 2.01 
* Data taken from Table 3 and Tahle 5 Jl,ppendix. 
** Factorial groups having a uniform P level and variahle K level s lIill be designated (21X), ( 22X) etc, and 
groups having uniform K leve l s l'lith variable P levels ~/ill be designated (2Yl), ( 2Y2) etc, for dis-
cussion purposes. 
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soil decreased with all K applications when 30 lbs P20 5 or more were included in 
the treatment. Apparently P was the limiting nutrient in the untreated soil and 
exchangeable K existed in at least a small excess . This excess, along with the 
topdressed K, was readily absorbed. K was not removed from the 8-14 inch depth 
to a great extent, with the possible exception of the 2Yl series, Appendix Table 
4. These results are interpreted to mean the 2Y 1 series took exchangeable K from 
the 8-14/1 depth as well as from the 0-7/1 depth while plants of the other 
treatments took most of their K from the exchange complex, decomposing 
K-bearing minerals in the plow layer and from applied fertilizer. 
Final Soil Test Values 
Kroth et al. (12) pointed out that topdressed P and K were effectively used by 
forage plants to produce optimum growth. The unabsorbed portion of the applied 
P and K accumulated in the soil, P primarily in the surface inch and K in the 
surface 2 inches , but did move down to the third inch when present in 
considerable excess . Krothet al . (13) reported very high concentrations ofP and K 
in the upper 1 to .) inches of pasture soils when annual applications of P and K 
were cont inued as long as 10 years. 
Final soil tests were made on samples taken by I-inch depths to a depth of 6 
inches and from the 8-14 inch depth from all plots of this study. Results for P20" 
and exchangeable K tests are given in Appendix Tables 2 and 4. Means of the 0- 3 
inch depths are given in Table 3 and further summarized in Table 5. Soil test 
values of the 0-.1 inch depth which accompanied optimum forage yields and 
minimum nutrient application rates are considered the levels to be maintained for 
the desired forage yield. An increase in these values due to nutrient recycling 
under pasturing suggests a reduction in fertilizer application rates. An increase 
Table 5. Effect of IncreaSing P and K Ferti l izer Applications on Final Soil Test 
Values under Tall Fescue After Seven Years.* 
0-3 Inch DeQth 8-14 Inch DeQth 
Factorial Factorial Factorial Factorial 
Series P205** Seri cs Seri es P205** Series 
P K Pl P2 N P K Ex K*** tl K Pl P2 N P I( Ex K*** 
15 21 2 107 2 4 178 
2 37 49 2 2 107 2 2 10 12 2 Y 2 208 
X 63 91 2 128 2 2 208 
4 27 120 2 4 153 2 4 2 Y 4 192 
* Compiled from Table 3 and Tabl e " Appendix . 
** Each value lbs/2,000,000 l bs. a mean of four K20 application rates. 
*** Each value lbs/2,OOD,ODD lbs. a mean of four P205 application rates. 
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in these soil test values would increase the nurrienr level in forage tissue but 
would not be considered an efficienr use of ferrilizer nurrienrs; compare (222) and 
(232), Tables 3 and 4; also series (22X) and (23X), Table 5. Test results for 
nurrients other than P205 and exchangeable K by one inch depths are given 
in Appendix Table 3. 
Phosphorus. The relationships between PZ05 soil test values of the 0-3 inch 
depth and fescue forage yields are given in Appendix Tables 7 and 8, and in 
Figures 2 and 3. These relationships were developed from data recorded in Table 6 
using the optimum yield offacrorial222 (Table 3) as 100% , yields for 1975-1977 
period, and the soil test values of the final sampling. Comparisons of yields for 
197 1-1974 and soil test values from samples taken in 1974 were not as well 
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correlated (Appendix Table 6) and are not reported. Appendix Tables 7 and 8 
show that the relationships between percent optimum yield and P20 0 soil test 
values are better correlated than are those between actual yields and the P20 5 soil 
test values . 
Soil test values that would produce 95 % of the yield from the (222) 
application are interpreted as the optimum soil test levels to maintain through 
annual topdressing of P, regardless of whether the forage was used for pasture or 
hay. These values for the 0- .) inch depth would range from 45-50 lbs P20 5 (P2), 
Figure 2, and Yi Ibs P:!05 (PI) , Figure .) , per 2,000 ,000 Ibs ofsoi!. Increase of 
these values either through recyling of nutrients in a newly established pasture or 
through topdressed fertilizer would suggSt a reduction of the fertilizer. Since 
120 
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Figure 3. Relationship between Bray PI soil test values 
0- 3 inches (lbs/2, 000,000 Ibs. soil) and percent 
optimum yield of tall fescue; North Missouri 
Center, Spickard. 
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these soil test leve Is were established over seven years on an infertile soil it would 
be expected that when they are used as guides for supplying P to pastures, the 
annual application rate of P20~ could be reduced or the P fertilizer applied in 
alternate years to maintain these soil test levels and thereby use P fertilizers more 
efficiently. Figure 4 suggestS an annual application rate of 8.6 Ibs P 09.7 Ibs 
P20 5) would meet the P needs of the growing plants when harvested as hay and not 
increase the P20~ soil test value. 
Potassium. The re lationships between exchangeable K soil test values and 
fescue forage yields are given in Appendix Table 9 and Figure 5. These 
relationships were developed from data recorded in Table 6, omitting those 
exchangeable K soil test values of the zero P20 5 treatments . These values were 
omitted because P was the main limiting nutrient in this soil and fertilizer K 
could not affect yields without it . Appendix Table 9 shows that no significant 
relationship exists between forage yields and 0-.) inch depth exchangeable K soil 
test values. The mean percentage optimum yield indicated by the mean 
exchangeable K value was 109% , Figure 5. The exchangeable K value producing 
the 109% of optimum yield was 100 Ibs/2 ,OOO,OOO of soil. Extrapolation of the 
linear function to 95% optimum yield, Figure 5, would give a meaningless value. 
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This condition existed because the soil supplied 51 lbs of K annually by mineral 
decomposition in the 0-14 inch depth without effecting a change in exchangeable 
K soil test values . 
Table 3 showed that the (222) treatment increased forage yields significantly 
over the (221) treatment. The 50 lbs K20 topdressed annually produced the yield 
increase by actually reducing the exchangeable K soil test value, 89 lbs for the 
(222) treatment vs. 110 lbs for the (221) treatment. Also, 100 lbs KzO annually 
(223) (233), also reduced the 0- 3 inch exchangeable K soil test value below that of 
the (221) level, 84 and 94lbs exchangeable K/2,000,000 lbs soil, respectively. It 
took 150 lbs KzO annually (224), (234) to equal the exchangeable K soil test 
value of the (221) treatment, 110 lbs exchangeable K/2,000,000 lbs soil, which 
was below the original soil test value of 162 Ibs/2,000,000 of soil, Table 1. The 
only times Table 3 indicated an increase in the exchangeable K soil test levels over 
the initial soil test value were when 150 lbs KzO were applied annually at zero 
PZ0 5 or 100 lbs N applications, (144), (134), (214), (114). The limiting nutrient 
in these treatments was P or N or both. 
The data indicate that when K becomes a limiting factor in forage plant 
growth (221), topdressed K will be readily absorbed to increase yield, compare 
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(221) and (222), Table 4. This 50 Ibs K20 annually increased the forage K 
content, 0 .97% vs. 1. 30, mean of both cuttings , and in so doing removed a large 
amount of K in the forage, 560 Ibs (222) vs . 354 Ibs (221). The increased yield 
stimulated by the 50 Ibs K20 topdressed resulted in a decreased exchangeable K 
soil test value for the 0-3 inch depth , llO Ibs (221) vs. 89 Ibs (222) per 
2,000,000 Ibs soil, Table 3. 
The 100 lbs K20 topdressed (223) did not increase yields but did increase the 
forage K content to an average of 1. 54% for both cuttings, resulting in forage 
removal of 681 Ibs K, Table 4, but gave no increase in exchangeable K soil test 
value of the 0-3 inch depth, 84 Ibs/2 ,000,000 Ibs of soil , Table 3 . The 150 Ibs 
topdressed treatment (224), Table 4, also did not increase yields but did increase 
forage K content to an average of 2.02%, which resulted in 892 Ibs K being 
removed by forage and an increase in exchangeable K soil test value of the 0-3 inch 
depth , 110 Ibs for (224) vs . 84 Ibs for (223), Table 3 . The (213) treatment, 
statistically produced the lowest forage yield (1 .78 T/ A) of the treatments getting 
200 Ibs N; it removed only 391 Ibs K in the forage, Table 4, and had one of the 
highest exchangeable K soil test values for the 0-3 inch depth, 218 Ibs/ 
2,000,000 Ibs of soil, Table 3. The (214) treatment on the other hand statistically 
increased the yield over the (213) treatment, removed 563 Ibs K in the forage 
because of a 2. 22% average K content for both cuttings of the forage and left a 258 
exchangeable K soil test value in the 0-3 inch depth, Table 3. The relationship 
between K added as fertilizer and K removed by fescue forage is given in Figure 6 . 
This figure suggests that 980 Ibs K (140 Ibs Klyr) would need to be topdressed to 
maintain an exchangeable K soil test value for the 0-3 inch depth of 162 
Ibs/2,000,000 Ibs of soil , the initial exchangeable K test value of the 
experimental site . 
Figure 6 also implies the luxury absorption capacity of K by tall fescue was 
about 140 Ibs/A/yr. Applications of K20 fertilizer beyond actual plant needs (50 
lbs K20/ A/yr) would be unnecessary, expensive , and could produce grass-tetany-
prone forage , as suggested by George et al. (7). 
Soil Sampling Depths 
The study reported by Fisher (6) included main blocks which had zero 
corrective P or K treatments, but received 0 , 25, 50 , and 100 Ibs P20 S topdressed 
annually as subplots on the zero P blocks, and 0, 25 , 50, 100 Ibs of K20 
topdressed as subplots on the zero K blocks. The subplots getting 25 lbs P20 S 
topdressed annually on the zero P20 S main blocks would be expected to respond 
similarily to the plots of this study getting 30 lbs P20 S topdressed annually, (224) 
for example. This treatment (224) produced the maximum yield (Table 3) but 
had a low P20S soil test, a mean of 46lbs (P2) P20s/2 ,000,000 Ibs of soil for the 
0-6 inch depth, Appendix Table 2. Likewise, Fisher's blocks getting 200 and 400 
Ibs/ A P20 S as corrective treatments and having subplots of 25 , 50, 100 lbs P20 S 
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Figure 6. Relationship between total k applied and total 
K removed, tall fescue; North Missouri Center, 
Spickard. 
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topdressed would have higher P20S soil test values but would produce no greater 
yields, as implied in this study by treatment (234), Table 3 and Appendix Table 
2. Consequently, Fisher's observations of 100% yield or more could range from 
very low to very high 0- 7 inch depth P20S (P2) soil test values in his study. The 
annual P20S topdressings would have produced forage yields which had relatively 
low relationships to the 0-7 P20S soil test values of the plots. The same 
relationships would exist on the main blocks that got no corrective K treatments 
but had 0, 25, 50 , and 100 lbs K20 topdressed annually as subplots . Again the 
subplots getting 100 lbs K20 annually on the zero K20 main blocks would be 
expected to respond similarily to the plots of this study getting 100 lbs K20 
topdressed annually (233), for example. This treatment produced the maximum 
yield, Table 3, but had a low exchangeable K soil test value, a mean of 92 
Ibs/2,000,000 lbs for the 0-6 inch depth, Appendix Table 2. Again, Fisher's 
observations of 100% yield or more could have come from plots having a range 
from very low to very high exchangeable K soil test values. As with the P 
topdressed plots, forage yields from the K20 topdressed plots would be poorly 
correlated with the exchangeable K values of the 0-7 inch depth values of the K 
topdressed plots. 
Table 6. Fescue forage yields and percent optimum yield for last three years of the study and appropr iate 
so i l test values of selected treatments used i n deternlin i ng standard P20S and Exchangeable K soil 
test l evels for the 0-3 inch depth . 
Soil Test Values 1978 
1975 1976 1977 0-3 Inches Lbs/2,000,000 lbs * 
% 0' % 70 P205 ** 222 222 222 
- -
N P K T/A Factorial T/A Factorial T/A Factori al Pl P2 Ex K 
2 1 1.77 i 50 .89 g 35 1.79 ghi 45 17 25 103 
2 2 1. 82 i 51 .7 1 g 28 1 .62 hi 40 13 18 130 
2 3 1. 72 i 48 .79 g 31 1.85ghi 46 13 18 218 
2 4 2.46 gh i 69 1 .03 fg 40 2.88 e 72 17 24 259 
2 2 1 3.36 def 95 2. 33 defg 91 3.88 cd 97 41 52 110 
2 2 2 3.55 cde 100 2.56 cde 100 4.02 bcd 100 37 54 89 
2 2 3 3.55 cde 100 2. 84 cd 11 1 3.99 bce 99 29 40 84 
2 2 4 3.96 abcd 112 2.87 cd 11 2 4. 13 bcd 103 42 49 110 
2 3 1 3.63 bcde 102 2.94 bc 115 4.22 abcd 105 82 96 107 
2 3 2 3.70 bcd 104 2.97 abc 116 4.64 ab 115 56 85 110 
2 3 3 4.41 a 124 3.47 a 136 4. 52 abc 11 2 56 74 94 
2 3 4 4. 11 abc 116 3.42 ab 134 4.87 a 121 59 96 111 
* Values are means of samples from each of three replications. 
** Pl P2 indicate Bray's weak and strong extractants respectively. 
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The results of this study show that topdressed P and K rapidly stimulate plant 
growth and when present in excess are absorbed , especially the K, in luxury 
amounts and do not have an effect on soil test values except when applied in great 
excess . To develop a more nearly correct relationship between forage yields and 
0-7 inch depth soil test values, only those yields and soil test values from plots 
getting various rates of P20 5 and K20 uniformly worked into the 0-7 inch 
plot layer (one-half of treatment disked into unplowed surface, the remaining 
half into the plowed surface) , should be used. Soil tests from such plots can be 
used to indicate need for topdressings , but 0-7 inch samples from plots having 
received topdressed P and K in addition to prior corrective treatments could 
show need for additional P and K when they are already present in excess of 
forage needs. The work of Kroth et al. (12) substantiates this conclusion . In 
their study plots under alfalfa-orchard grass brought up to soil test and top-
dressed annually with an N variable and 0 + 30 + 150 after four years had, 
for the 0-7 inch depth, soil test values of 72 and 102 Ibs P205 (P2) and 
exchangeable K per 2,000,000 lbs of soil respectively. The P205 (P2) value for 
the 0-1 inch depth was 200 lbs; for exchangeable K the value for the same 
depth was 2.iS lbs. This data was obrained from a similar soil during the same 
time period as Fisher's . 
Absorption of Topdressed Nutrients 
The tendency for P and K to accumulate in the upper inch of soil when 
applied as fertilizer topdressings as reported by Kroth et al. ( 12 , U) is also shown 
by the soil test values resulting from 1 inch depth sampling of soil getting 
treatments (212), (122), (12.1), (U3), and (221), (222), (223), Appendix Table 
2 . These data show that very little, if any P and K moved below the third inch , the 
greater share remaining in the upper inch. When N was removed as a limiting 
factor by applying 200 lbs N, the quantity ofP and K in the soil was reduced due 
to the increased yields, Table 3. George et al . (7) report a rapid uptake of K from 
moist soil where the mean air temperature was above 14°C for several days . This 
indicates that topdressed nutrients, N , P, and K may be absorbed rapidly when 
favorable soil condi tions exist. 
These two phenomena, accumulation of P and K in the upper inch and rapid 
absorption of nutrients from warm, moist soil make annual applications of small 
quantities of fertilizers an effective method of "feeding the plant" for efficient 
forage production. Epstein (5) identifies a "critical concentration" of a nutrient 
when plants grow slowly due to a deficiency of that element; the nutrient is at an 
"adequate" level when growth rate is normal and "luxury consumption" has 
occurred when absorption of additional quantities of the nutrient does not result 
in increased growth . The "adequate level" is a range of concentrations between 
the "critical" and "luxury" conditions. The higher levels in this range seem to 
function as a "reserve." 
26 MISSOURI AGRICULTURAL EXPERIMENT STATION 
When relatively high nutrient levels occur in the surface inch of soil the 
"reserve" concentration is quickly reached when conditions favorable for rapid 
absorption exist, i.e. moist soil and suitable temperature . The "luxury" level also 
could be reached easily under these conditions. As the surface 1 to 2 inches of soil 
dry, the rate of nutrient absorption decreases but the plant will continue to grow, 
using water from lower depths until the "critical" nutrient level is approached 
and growth virtually StOps . When the soil surface is re-wet , even with a small 
rain, the "reserve" level is rapidly restOred and growth is resumed until either a 
nutrient or soil moisture becomes the limiting factor. 
Recycling of Nutrients 
Potassium functions as a catalyst in plant growth, not as a plant constituent, 
and is readily leached out of dead residues . When ingested as a constituent of 
green herbage or hay by an animal, K is quickly absorbed into the blood stream 
and about 90% is excreted in the urine, Mott (16). The remainder is excreted in 
the feces , only a small amount being retained by the animal for its body's vital 
functions. Phosphorus, being a constituent of plant tissue, is freed more slowly, 
either through decomposition of the tissue by microorganisms or by hydrolysis 
within an animal's digestive tract . A small portion of the P is combined intO 
animal protein, the remainder is excreted in the feces as undigested plant parts or 
as a component of microbiological tissue. This excreta needs to be decomposed by 
microorganisms to free the P for reuse by plants. N is recycled as ammonium in 
the urine or from decomposing proteins of plant residues or bodies of intestinal 
microorganisms. Recycled nutrients would tend to accumulate in the upper two 
or three inches, K as K+ , N as NH4 + ions, and P as the anion, HP04" or in 
combination with N as easily decomposed microbial proteins and amino acids . 
Recycling time between plant residue K and available nutrient K+ would be 
short. In the case of P and N, rates of decomposition of plant residues and excreta 
would be slower, depending on rainfall and temperature conditions . Where 
pasture grasses have been established on low fertility soil, the rates of applied 
fertilizers could soon be reduced due to the recycled nutrients from excreta and 
decomposed ungrazed forage residues, accumulating in the surface 0-3 inches of 
the soil. 
Efficient fertility management of pasture soils includes occasional monitoring 
of the P20S and exchangeable K soil test values of the 0-3 inch depth to keep 
them near the levels found to be sufficient for optimum forage yields by this 
study. 
Study II 
Topdressing Reed Canarygrass With Nitrogen, 
Phosphorus and Potassium 
INTRODUCTION 
Reed canarygrass, as mentioned previously, gave promise of a pasture plant 
especially for spring and summer grazing for northern Missouri. Consequently, a 
companion study to that of tall fescue was started in 1971 at the North Missouri 
Center using the same treatments and experimental design. 
PROCEDURE 
Certified Rise reed canarygrass seed, 7 Ibs/A, was planted April 21, 1971, in 
a prepared seed bed of Grundy silt loam with a model F USDA research drill (10) 
which banded 24 + 24 + 24 one inch beside and below the seed. No corrective 
treatments were made other than disking 3 TI A calcium limestOne into 
approximately the upper three inches of the plowed surface during seed bed 
preparation. Initial soil test values for the experimental site are given in Table 7. 
These values are means of composite samples from seven different portions of the 
area, each sample being a composite of six cores from each area. Samples were 
taken from both the 0-7" and 8-14" depths in April, 1971. The experimental site 
was planted to silage corn in 1970 in an attempt to reduce the level of 
exchangeable K before establishing the study. 
The same treatments and experimental procedures were used as with the tall 
fescue study. The zero N plots were planted to red clover in 1975 and were 
dropped from the study, making a 2 X 4 X 4 factorial having the same treatment 
values and designations as the fescue study i.e . (212) being 200 lbs N, 0 lbs P205, 
and 50 lb K20 per year. In contrast to the fescue study, these red clover stands 
survived the summer of 1975 and produced excellent growth during 1976 and 
1977, reflecting the varying P and K accumulations on these plots . 
The experimental plots were sampled by I-inch depths to a depth of 6 inches 
in the fall of 1974. Subsamples from each replication for each depth were 
composited into a single sample for analysis. Results are given in Appendix Table 
9 . At the end of the study soil samples were taken by I-inch depths to a depth of 
6 inches , each plot being individually sampled by taking 10 cores from each plot. 
Results of tests on these samples are given in Appendix Tables 10, 11, 12. Results 
ofP and K determinations on reed canarygrass forage are given in Appendix Table 
13 . 
Table 7. Initial Soil Test Values, Grundy Silt Loam. 
P205 
Depth O.M. Lbs/A 
Inches % Pl P2 pHs Ca 
0-7 4.0 23 26 5.1 5129 
8-14 2.6 10 11 4.7 5114 . 
Lbs/Acre 
Mg 
943 
1000 
Ex K 
258 
258 
Neutralizable 
Acidity 
me/100 gm 
5.6 
8 .1 
CEC 
me/100 gm 
23 
25 
N 
00 
~ 
Vl 
Vl 
o 
c: 
~ 
>-G"l 
C! 
n 
c: 
t"' 
>-j 
c: 
?:l 
> 
t"' 
tTl 
~ 
'"t! 
trl 
C! 
:?:: 
trl 
Z 
>-j 
(f) 
>-j 
> 
>-j 
(3 
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RESULTS AND DISCUSSION 
Summaries of forage yields, amounts of fertilizer P and K applied, amounts of 
p and K removed by harvested forage and resulting P20S and exchangeable K 
soil test values for the 0-3 inch depths are given in Table 8. Yields of the first 
production year, 1972, were nOt included in these summaries because of harvest-
ing errors . 
Forage Yields 
Forage yield means ranged from 1. 89 to 4.08 TI A over the five years of study, 
depending on rainfall, Table 2, and the nutrient combinations and interactions 
involved. The factorial combination (221) which produced a five-year average 
yield of.~. 78 TI A was chosen as the basis of comparison for reed canarygrass yields 
as this yield was not statistically different from the highest, 4.0 T/A, but was 
produced by the most efficient nutrient combination. The annual production of 
the (221) combination ranged from 5.20 in 1973 to 2.66 in 1976 and .1.69 T/A 
in 1977 as influenced by rainfall amount and distribution , Table 2. 
Yield Response to Fertilizer Nutrients 
Nitrogen and Phosphorus. The high organic matter content of the soil of 
this site, 4 .0% , supplied enough N to produce l.04 T /A forage without any 
added P and K by 1974 and 1975 . Adding P and K increased the yield by 0.4 
T/A . 
Nitrogen other than that from organic matter was necessary to produce forage 
yields above 1.0 T/A. Nat 100 Ibs/A without P and K (Ill) produced 2.67 T/A 
but more N in the absence ofP and K (211) did not increase the yield significantly 
at 2.76 T /A, Table 8 . Combining P and K with 100 Ibs N (122) did not increase 
yields but adding .10 Ibs P20 S to 200 Ibs N (22 1) produced a yield of .1.78 
T/A, not statistically different from the highest yield of 4.0 T/A (232). 
As in the case of the tall fescue study, 200 Ibs NI A/yr resulted inN carry-
over sufficient to produce a five-year first cutting average yield increase of 0.33 
TI A (221) over the (121) yield, Table 8 . This again indicates a toral of about 
160 lbs N split in two applications would be the most efficient rate of N 
when producing pasture forage on this soil. (See Note 1 Appendix) . 
Potassium and Phosphorus. Application of 50 lbs K20 without phos-
phorus (212) did not increase yields over (221) but 100 lbs K20 in combination 
with 200 lbs N (213) produced a statistically top yield of 3.69 TI A. Combining 
these P20 S and K20 quantities with 200 lbs N (223) increased the yield to 4 .05 
TI A but this was not significantly different from the single combinations with 
200 lbs N; apparently the 30 Ibs P20 S combined with the 200 lbs N (221) 
Table Il . Reed Canarygrass Yields, Total P and K Applied, Total P and K P-el1loved and Se l ected Fina l Soil Test Values after Five Years. \jJ 
0 
Yi elds Final Soil Test Va l ues 
Tota 1 P K Ferti 1 izer 0-3 Inches 5 Year Avg. 4 Year Avg .** 
Tota l P , K Removed 1 bs/A P, K in Soil Lbs/2, 000,000 1 bs 
Factoria 1 Total Cut 1 Cut 2** Cut 3 A~~ l ied lbs/f, P K Lbs/A P20S**** 
N p K TIP. T IA ~; Total T /~ TIA Lbs % Total Lbs % Total P*** PI P2 Ex K 
2 3 4.08 a* 1.45 36 2.00 1.30 132 208 92 70 771 37 1 4C -5[,2 61 Cl 195 ~ 
2 3 4.05 a 1. 56 39 1. 76 1. 36 66 '115 73 111 851 205 - 7 -436 33 42 169 VJ 
2 4 1 3.99 a 1. 59 40 1.62 1. 38 141 0 79 56 59S 62 -S99 53 205 117 VJ 0 2 2 2 3.91 a 1. 45 37 1. 74 1. 32 6(, 208 73 111 67G 326 - 7 -470 36 35 140 C 
2 3 4 3.85 a 1. 54 40 1.6£ 1. 23 132 623 87 66 862 138 ~5 -239 63 UO 297 ~ 2 4 3 3 . 83 ab 1. 37 36 1. 74 1. 33 141 415 73 52 813 196 68 -398 39 170 190 
>-2 ~ 4 3.£0 abc 1.49 39 1. 67 1. 22 141 623 67 48 818 131 74 - 195 31 124 230 
2 2 1 3.78 ahc 1. 43 38 1 . 57 1. 37 66 0 70 106 583 - 4 -583 29 40 140 C) 
2 4 2 3 . 76 ahc 1. 34 36 1.69 1. 34 141 208 70 50 681 327 71 - 473 35 146 176 ~ 
2 3 3 3.75 abc 1. 42 38 1. E3 1.29 132 41S 85 64 7~3 109 47 -328 67 97 171 n 
2 2 4 3.75 abc 1.50 40 1. 57 1. 24 66 G23 67 102 799 128 - 1 - 176 29 43 247 C t"" 2 1 3 3.69 abc 1. 29 35 1.72 1. 31 0 415 5g 753 181 -59 -338 26 45 199 >-l 
2 1 4 3.26 bcd 1. 23 3!l 1.46 1.08 0 623 42 703 113 -42 - 80 20 30 294 C 
2 3 1 3 . 23 dc 1. 24 38 1.30 1. 19 132 () 74 56 493 58 -493 76 96 136 s: 2 1 2 2.G4 de . 78 27 1. 46 1.11 0 208 33 546 263 -33 -33G 13 19 166 t"" 2 1 1 2.76 def .60 29 1.43 1.02 0 0 33 462 -33 -462 14 23 141 tT1 1 1 1 2.67 efg .98 37 1. 34 .77 a 0 41 457 -41 -457 18 27 136 >< 1 4 1 2.F3 efg 1.22 46 1.13 .64 1~1 0 58 41 495 83 -495 75 252 151 '0 
1 2 4 2.63 efo 1.22 46 1.05 .71 66 623 6~, 97 600 96 2 23 45 58 297 ttl 
1 3 4 2.61 efg 1. 17 45 1.01 .66 132 E23 63 48 579 93 69 44 87 110 295 !Xl 
1 3 2 2.61 efa 1. 12 43 1. 07 . 78 132 208 72 55 537 258 60 -329 113 147 201 §2 
1 4 2 2.45 efgh 1.09 44 .93 .77 141 208 49 35 495 238 92 -287 33 218 223 ttl 
1 2 2 2 . 42 efgh 1.13 47 .96 . 65 66 208 64 97 512 ?t.6 2 -304 41 52 196 Z 
1 2 1 2.40 efgh 1. 1 0 46 .92 . 71 66 '1 55 33 434 11 - 434 37 53 145 >-l 
1 3 3 2.34 efgh 1.08 46 .88 .70 132 d15 59 45 499 120 73 84 86 105 208 Vl 
1 1 2 2.29 ef9h .99 43 . 90 .72 C 208 42 454 213 -42 -246 32 46 199 >-l > 1 4 3 2 . 2f efqh 1. 04 46 . [,7 .66 141 415 49 35 486 117 92 71 49 222 236 >-l 
4 4 2.25 efgh 1.02 .15 . 0,2 .62 141 E23 45 32 518 83 96 105 2!l 210 346 0 2 3 2.2 1 fgh .96 0 .89 .65 66 r.15 69 105 457 110 - 3 42 43 53 241 Z 1 4 2.15 f9h .82 38 .98 .68 0 623 35 464 74 -35 159 12 22 378 
1 3 2.07 gh .78 38 .98 .63 0 415 42 422 102 -42 - 7 15 28 223 
3 1 1.89 h .86 4f . 64 .E6 132 n 58 44 328 74 -328 104 124 13. 
tleans fo ll owed by same letter not statistically different, Duncans l~e\'1 11ultiple Range Test 5% level. 
Four year means due to drought periods for cutting 2 and 3 but in different years. 
To change to 1 bs P205 multiply by 2.29. 
**** PI P2 are Bray's weak and strong extractants respective ly. 
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extracted sufficient K to produce top yields without additional K20 , and 100 
lbs K20 combined with 200 lbs N (213) produced equally high yields without 
additional P205 fertilizer. Evidently the high N in combination with a relatively 
high P or K application could force the extraction of the other nutrient by the 
reed canarygrass. 
These results indicate that the soil of the experimental site needed annual 
applications of 30 lbs P20 5/A to produce an average optimum annual yield 
of 3.0 T /A . The phosphorus needed to be in combination with more than 100 
lbs N to produce this yield. On the other hand, applications of K20 were 
not necessary to produce optimum yields when 30 lbs of P205 (221) were 
topdressed annually. The supply of extractable K, either from the exchange 
complex or from unweathered K-bearing minerals was adequate to supply K in 
sufficient quantity. 
Phosphorus and Potassium Uptake by Reed Canarygrass 
The P and K content of reed canarygrass forage removed as hay in different 
years and cuttings are given in Appendix Table 13 . Estimates of total P and K 
removed by forage during five years of the study are given in Table 8. The 
differences between fertilizer P and K applied and P and K removed in the forage 
influenced the final soil test values, Table 8 and Appendix Tables 10, 11 , and 12 . 
A summary of the forage yields, quantities of P and K removed by forage and 
concentrations of P and K in the removed forage for treatments containing 200 
lbs N /A are given in Table 9 . 
Phosphorus. The zero P series of treatments (21X) (see note at bottom of 
Table 9) indicate that 0.12-0.13% P was near the critical level for growth of reed 
canarygrass, cutting 3, at the end of the growing season . Cuttings 1 and 2 of this 
series had a higher P content, 0.16%, possibly due to P release from minerals 
during the winter and spring periods. The total P removed by this series 
producing reed canarygrass was twice as great on an annual basis as that removed 
by tall fescue, 3. 7lbs vs . 8.4lbs, Tables 4 and 9. As previously noted with fescue, 
high N combined with high K generated more P, producing a higher forage yield 
and removing a higher quantity of P, 59 lbs vs. 33 lbs (213) vs. (211) or (212), 
Table 9. The (213) com bination also tended to have a higher forage P content than 
the other two. 
The 22X series increased yields and the P content of the forage (a 0 .23 % 
mean of cuttings 1 and 2,) nearly doubled the amount ofP removed in the forage 
(Table 9), and increased the 0-3 inch depth P20 5 soil test values over the 21X 
series (Table 10). The 23X series did not increase yields but did increase the 
P content of the forage, the amount of P removed in the forage and more 
than doubled the 0-3 inch depth P20 5 soil test value over the 22X series, 
Tables 9 and 10. It is apparent that considerable luxury consumption of P by 
reed canarygrass occurred with the 23X series. This series had a mean forage P 
content of 0 .27 % vs. 0.21 % for the 22X series. The P luxury consumption 
VJ 
I'J 
Table 9. Forage Yields, Total Uptake of P and K by Reed Canarygrass at Different P20r. and K.,O Applications Combined 
with 2QU lbs. ~, and P and K Content of Forage, Five year means.* ~ L 
P K 
t~ean t1ean ~ 
Factorial Forage .' Factorial Forage % Vi Yield Uptake I, Yield Uptake VJ 0 N P K** T IA Lt-s/A Cut 1 Cut 2 Cut 3 N P K T/A Lbs/A Cut 1 Cut 2 Cut 3 c:: 
~ 
2 1 2.76 def 33 .15 .15 .12 2 1 1 2 .76 def 462 2.40 2.25 1.20 >-2 2 2.84 de 33 .15 .15 .12 2 2 1 3.78 abc 583 2.14 2.11 1.20 C) 
2 3 3.69 abc 59 .17 . 18 . 16 2 3 1 3 . 23 cd 493 . 2.48 2.05 1.27 !Xl 
2 4 3.26 bcd 42 .17 .15 .1 3 2 4 1 3.99 a 599 2.06 1.95 1.19 (; 
Avg 42· ~ -:l6 -.13 Avg 534 2.20 2 .09 1.22 c:: 
t"' 
2 2 1 3.78 abc 70 .24 .23 .17 2 1 2 2.84 de 546 2 .75 2 .57 1. 55 o-j 
2 2 2 3.91 a 73 .25 .22 .17 2 2 2 3.91 a 678 2 . 50 2 .17 1.37 c:: 
2 2 3 4.05 a 73 .24 .22 .16 ~ 3 2 4.08 a 771 2.61 2.40 1.46 ~ L 
2 2 4 3.75 abc 67 .25 .21 .16 2 4 2 3.76 abc 681 2 . 63 2.30 1.47 t"' 
fl.vg 7T .25 -:22 ~ Avg 669 2.62 2.36 1.46 tTl ~ 
2 3 1 3.23 dc 74 . 31 .26 .22 2 1 3 3 .69 abc 753 2.95 2.55 1.65 '-c tTl 2 3 2 4.08 a 92 .30 .26 .21 2 2 3 4.05 a 851 2.93 2.58 1.72 !Xl 
2 3 3 3.75 abc 85 .30 .2C . 22 2 3 3 3.75 abc 743 2.8C 2.47 1.52 i: 2 3 4 3.85 a 87 .30 .27 .22 2 4 3 3.83 ab 813 3 . 02 2.66 1. 71 tTl 
Avg 85 -:35 :z.r -:22 Avg 790 2.95 2.57 1.65 Z 
o-j 
2 4 1 3.99 a 79 .28 .21 .13 2 1 4 3.26 bcd 703 3 . 13 2.66 1. 58 C/J 
2 4 2 3.76 abc 70 . 26 .23 .18 2 2 4 3.75 abc 799 3.04 2 . 70 1.80 o-j 
2 4 3 3.83 ab 73 . 25 .23 . 18 2 3 4 3.85 a 862 3.12 2.77 1.81 > o-j 
2 4 4 3.80 ahc 67 .24 .21 .16 2 4 4 3.30 abc 818 3.07 2.73 1.81 0 Avg 72 -:26 . 22 -:l8 Avg 796 3.09 2.72 1.75 Z 
* Data taken from Table 1] and Table 13P,ppendix. 
** Factorial grou[lS having a uniform P level and variable K levels ~!ill be designated (21X), (22X) etc. and groups having 
uniform K levels with variable P levels will be designated (2Y1), (2Y2) etc. for discussion purposes. 
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Table 1(1. Effect of Increasing P and K Fertilizer Applications on Fi na l Soil 
Va lues under Reed Canayrgrass after Six Years.* 
0-3 Inc h Deeth 8-14 Inch DeQth 
Factorial Factorial Factorial Factorial 
Series ~205** Series Series P205** Seri~ 
33 
N P K P1 P2 N K Ex K*** N P K P1 P2 P K Ex K*** 
2 
2 
2 
* 
** 
*** 
18 29 Y 134 2 9 12 2 
2 32 40 2 169 2 2 3 13 
3 67 89 2 Y 182 2 8 10 
4 39 161 2 4 267 4 7 9 2 
COlilj1i1ed from Tab l e 8 and Table 12 Appe ndi x 
Each value, 1bs/ 2, OOO,OOO 1bs ., a mean of four K20 application 
Each value, 1bs / 2,OOO ,OOO 1bs., a mean of four P205 application 
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capacity for reed canarygrass as indicated for the 23X series would be about 17 
lbsl A/yr (Figure 7). The 24X series showed that topdressed rock phosphate in the 
presence of 200 lbs N topdressed annually supplied available P at the same rate as 
30 lbs PZ0 5 topdressed annually, producing the same yields and forage P con-
tent , Table 9. These are the same relationships that occurred in the tall fescue 
study. 
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Figure 7 suggests a total application of 74 lbs P in five years (14.8 lbs 
P, 33.9 lbs P205, annually) would supply the P needs of reed canarygrass and 
not raise the 0-3 inch P20 S soil test value . This is nearly twice as great as 
that needed by tall fescue, Figure 4, but would not affect the O-.~ inch P20 S soil 
test value as much (54 vs . 35 lbs for fescue and reed canarygrass respectively 
receiving the (222) treatment, Tables 3 and 8) . Reed canarygrass forage consis-
tently had a higher P content than tall fescue , Tables 4 and 9, indicating reed 
canarygrass absorbed P more readily than tall fescue, either because of a greater 
metabolic need for P or a greater luxury absorption 'capacity for P than tall 
fescue; 17 Ibs/A/yr for reed canarygrass vs . 12 lbs for tall fescue, 23X series. 
Potassium. The initial exchangeable K soil test value for the 0-7 inch depth 
was 258 lbs, which was 1.4% K saturation of the 23 mel 100 gm cation exchange 
capacity of the experimental site . This soil supplied sufficient K to produce the 
significantly highest five-year average yield of .~, 78 TI A; the forage removed a 
total of 583 lbs K or 117 lbs KI A/yr (221), Table 9. The mean K content of the 
forage for the 2Yl series was 2.20, 2.09, and 1.22% for the first, second, and 
third cuttings, respectively. Removal of this K resulted in a final exchangeable K 
soil test value for the O- .~ inch depth of 134 Ibsl2 ,000,000 lbs of soil series 2Yl, 
Table 10). 
Treatments which included topdressed K20 increased the K content and the 
amount of K removed in the forage. The forage K content of the first cuttings 
were 2.62, 2 .95, and 3.09% for the 2Y2, 2Y3 and 2Y 4 series, resulting in a total 
K removal of 669, 790, and 796 lbs respectiv.ely for these treatments, Table 9 . 
Apparently the applied K of the 2Y3 series approached the luxury consumption 
capacity of reed canarygrass since the total amount of K removed by this series was 
similar to that of the 2Y4 treatments . Also, the forage K content was only 
slightly higher in the 2Y4 series, Table 9 . 
Figure 8 suggests that for the (223) treatment, the luxury consumption 
capacity of reed canarygrass was reached and any additional KzO would result in 
an increase of the exchangeable K soil test value, as 851 and 799 lbs K were 
removed by (223) and (224), respectively. The final exchangeable K soil test 
values for the 0-3 inch depth for these treatments were 169 and 247 lbsl 
2,000,000 lbs of soil, Table 8. 
Assuming the luxury consumption capacity of reed canarygrass was reached 
by the (223) treatment, Figure 8, the mean K contents for this forage would be 
2.93,2.58, and 1.72 percent for the first, second, and third cuttings, 
respectively, and for the (221) treatment the values are 2.14,2.11, and 1.20 
percent. The luxury consumption capacity for reed canarygrass would be 170 lbs 
K annually in contrast to 140 lbs K for tall fescue. Apparently the K "critical" 
level, Epstein (5), for reed canarygrass was not reached during the study. 
Final Soil Test Values 
Results of P20 S exchangeable K and other test items for the final soil 
samples taken at 1 inch depths to a depth of 6 inches are given in Appendix 
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Tables 10 and 11. Tests on the 8-14 inch samples are given in Appendix Table 
12. Means of the P20 S and exchangeable K soil test values for the 0-.1 inch 
depths are given in Table 8 . Summaries of those soil test values from treatments 
containing 200 Ibs N/A are given in Table 9. 
Phosphorus. The final mean P205 soil test values for the 0-6 inch depth 
of the 21X series were about the same as the initial values, Table 7 and l\ppendix 
Table 9 . The relatively small amount of P extracted by the forage , Table 9 had 
little effect on the final soil test values , Table 10. However, additional P (221) 
was needed to produce the optimum yield . The 30 Ibs of P20s annually 
produced the optimum yield and increased the P20 5 (P2 ) soil test value of the 
0- .) inch depth to 40 Ibs/2 ,000,000 Ibs of soil , Table 10. Corresponding in-
creases in soil test values occurred with the 2.1X series, 89 Ibs of P20 S (P2) 
at the 0- .) inch depth as well as some luxury consumption of P by reed canary-
grass, 0 .26% versus 0.21% mean values for the (2.)1) and (221) series, re-
spectively, Table 9. 
Relationships between forage yields for the last three years of the study and 
final P20 S soil test values for the 0-.1 inch depth are given in Appendix 
Tables 14 and 15, and Figures 9 and 10. Data for these tables and figures are 
given in Table 11 where the yield of factorial (221) was counted as 1009f . 
Yield dara for 197 .1 and 1974 were omitted as they were as much related to 
initial soil fertility conditions as to topdressed fertilizers. Soil test values of the 
0-3 inch depth of 36 and 26 Ibs of P20j2 ,000 ,000 Ibs of soil for Bray's P2 
and PI extractants, respectively, Figures 7 and 8, would produce the optimum 
grazeable reed canarygrass yield when .10 Ibs of P20 S/ A were topdressed 
annually. This forage would have an average P content of 0 .21%, Table 9 . If 
the forage were grazed instead of being removed as hay, applications of P20 S 
fertilizer could be reduced or applied biannually due to recycling of P by 
grazing cattle . 
Potassium. Potassium was not a limiting nutrient during the study. 
However, the (221) treatment, Table 9, removed 583 Ibs elemental K during the 
period and had a final exchangeable K soil test value of 140 Ibs for the 0- 3 inch 
depth, Table 11, and a test value of 141 Ibs for the 0-6 inch depth, Appendix 
Table 10. The values for the same depths of the (222) treatment are 140 Ibs and 
140 lbs respectively. The (223) treatment produced for the 0-3 inch and 0-6 inch 
depths soil test values of 169 and 160 Ibs, respectively; for these same depths the 
(224) treatment soil test values were 247 and 2141bs exchangeable K/2,000,000 
Ibs of soil. 
The K of all the topdressed treatments was absorbed by the reed canarygrass 
in addition to exchangeable K from the soil , Tables 8 and 9; lesser quantities from 
the soil with increasing quantities of K20 topdressed . No treatment maintained 
the mean initial exchangeable K soil test value, 0-6 inch depth, of 258 
Ibs/2,000,000 Ibs of soil, (224) , etc. , Appendix Table 10. It is possible that the 
(2Y 1) series made use of K from weathering soil minerals. However, at no time 
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y = 24.20 + 2.65 (P20S) - .02 (P20S)2 
(All values of Ex K) 
y = -20.04 + 4.30 (P20S) - .03 (P20S)2 
(Ex K for 0 Ibs K20) 
45 60 75 90 
Bray P2 Lbs. P20S 
105 
Figure 9. Relationship between Bray P2 soil test value 0-3 inches 
(lbs. PzOs/2,000,000 lbs. soil) and percent optimum 
yield, reed canarygrass; North Missouri Center, 
Spickard. 
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120 
was K a limiting nutrient and consequently no exchangeable K soil test value was 
experienced at which additional K from fertilizer would have increased yields . 
The exchangeable K soil test value of 134Ibs/2,000,000 lbs of soil for the 0-3 
inch depth of the 2Y 1 series would be a soil test level for this depth at which no 
yield increase would be expected from application of K fertilizer. Table 3 shows 
that fescue gave an exchangeable K soil test value for the 0-3 inch depth of 89 
Ibs/2,000,000 lbs of soilfor the (222) treatment (100 lbs exchangeable K, Figure 
5). This value may be the most likely one found in this study which would give a 
yield response to applications of tOp dressed K fertilizer in either tall fescue or reed 
canary grass. 
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y = 31.91 + 3.25 (P20S) - .03 (P20S)2 
(All values of Ex K) 
-e- y = 11.39 + 4.28 (P20S) - .04 (P20s)2 
(Ex K for 0 Ibs K20) 
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Figure 10. Relationship between Bray PI soil test value 0-3 inches 
(lbs/2,000,000 lbs. soil) and" percent optimum yield of 
reed canarygrass; North Missouri Center, Spickard. 
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Table 1l. Reed Canarygrass Forage Yields and Percent Optimum Yield for Last Three Years of the Study 
and Arrrorriate Soil Test Values of Selected Treatments used in Detennining Standard P,,05 
and Exchangeaule K Test Levels 0-3 Inch Depth. L 
Soil Test Values 1978 
1975 1976 1977 0-3 Inches Lbs/2,000,000 lbs* 
% % % P205** 221 22 1 221 
- -
N P K T/A Factorial T/A Factorial T/A Factorial Pl P2 Ex K 
2 1 2.44 efg 64 1.74 defgh 65 2.20 defg 60 14 23 141 
2 2 2.99 de 78 1.98 defg 74 2.34 def 63 13 19 166 
2 3 3.43 cd 90 2.13 cdef 80 3.11 abc 84 26 45 199 
2 4 3.86 abc 101 2.32 bcde 87 2.92 abc 79 20 30 294 
2 2 1 3.81 abc 100 2.66 abc 100 3.69 a 100 29 40 140 
2 2 2 4.29 ab 113 2.85 ab 107 3.42 ab 93 36 35 140 
2 2 3 4.34 ab 114 3.07 a 115 3.32 ab 90 33 42 169 
2 2 4 4.32 ab 113 3.07 a 115 3.50 a 95 29 43 247 
2 3 1 3.50 bcd 92 2.37 bcd 89 3.67 a 99 76 96 136 
2 3 2 4.42 a 116 3.07 a 115 3.47 a 94 61 81 195 
2 3 3 4.37 a 115 2.83 ab 106 3.61 a 98 67 97 171 
2 3 4 4.50 a 118 3. 30 a 124 3.28 ab 89 63 80 297 
* Values are means of samples from each of three replications. 
** P
l 
P
2 
indicate Bray's weak and strong extractants respectively. 
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APPENDIX 
Note 1 
During. the course of both studies there was evidence of N carryover from the 
second 100 Ibs. N applied after the first cutting . The following computations 
have been used to evaluate this average annual N carryover for both studies and to 
determine the most efficient N application rate for cool season, tall grass 
pastures . (See Appendix Table 16). 
1. Determine the average annual forage produced by the zero N plots at the 
first cutting, the source of N being the decomposition of soil organic matter. 
2. Determine the average annual forage produced at the first cutting by the 
first 100 Ibs . N topdressed in March by difference. 
3. Determine the average annual forage produced at the first cutting by the 
100 Ibs . N applied after the first cutting the previous year by difference. 
4. Calculate the percent by which the forage determined by No . 3 above is 
greater than the forage produced by the 100 Ibs. N applied in March, No.2 
above. 
5. Assuming the rate of forage production for the N applied after the first 
cutting is the same as for the first 100 Ibs. N applied in March , determine the Ibs . 
of N of the second 100 Ibs. applied after the first cutting that was used to produce 
the second cutting yield . This quantity plus the first 100 Ibs . N equals the total 
quantity of N needed to produce the actual forage harvested in an average year 
with our N carryover. This quantity of N should be split into spring and summer 
or fall applications for greatest efficiency of N use in producing the optimum 
yield of .~ T/ A/yr. It is to be remembered that when this forage is utilized as 
pasture the N rate should be reduced to prevent excessive production and loss of 
forage due to under utilization . 
Note 2 
Luxury mnsumption capacity . In this report luxury consumption capacity is 
defined as the quantity of P or K removed on an average annual basis by 
fescue or reed canarygrass forage at the point when additional topdressing of 
P20 5 or KzO results in a greatly reduced rate of uptake of P or K by the 
plant and an increase in the PZ0 5 or exchangeable K soil test values in the 
surface inch of soil. (Figures 4, 6, 7, 8) 
Tabl e 1. Soil Test P20S and Exchangeable K Values under Ta ll Fescue hy One Inch Depths after Three Years of ~ N 
Topdress i ngs. * 
Fact or i al N P K Desig nat i ons 
1 1 1 1 2 1 1 3 1 1 4 1 2 1 22 
Depth P20S** P20S P20S P20S P20S P20S g:: 
Inches Pl' P2 Ex K Pl P2 Ex K Pl P2 Ex K Pl P2 Ex K Pl P2 Ex K Pl P2 Ex K Vi V> 
0 
Pounds per Acre 2,000,000 lbs. C 
~ 
0-1 9 23 162 32 SS 196 14 23 346 23 37 S60 137 151 170 87 11 5 208 ;> 
1-2 14 23 140 50 64 106 14 23 180 27 37 350 32 55 128 27 41 134 Cl 
2-3 14 18 126 14 23 106 ') 18 138 9 18 176 14 18 146 14 18 104 ~ n 3-4 14 50 124 14 18 104 ') 14 11 2 14 27 136 18 14 124 9 18 102 c 
4- S 14 23 11 4 14 23 104 9 14 130 5 9 11 6 14 14 11 8 32 4·1 94 r-< >-l 
5-6 14 41 11 4 14 18 96 5 9 158 5 9 128 14 18 118 37 60 102 c 
Avg 13 30 no 23 34 ill TO 17 ill 14 23 244 38 45 134 34 49 124 ~ 
r-< 
123 1 24 1 3 1 1 32 1 33 1 34 t"ri 
x 
0-1 104 121 372 87 96 433 160 192 152 147 192 186 192 224 272 170 211 392 'tI 
1-2' 37 46 200 46 64 232 23 37 124 105 133 11 2 32 46 130 37 SO 198 ttl ~ 2-3 37 46 148 14 23 11 6 27 46 104 23 23 98 18 27 11 4 14 27 128 E:: 
3-4 18 23 128 14 18 11 2 9 18 104 18 18 106 14 23 98 14 18 128 ttl 
4-S 14 18 126 14 Hl 11 2 9 18 104 14 18 104 14 23 98 18 23 11 4 Z >-l 
S-6 14 18 114 14 23 11 2 5 14 11 0 14 32 104 14 18 11 2 9 18 124 r/l 
Avg 56 45 ill 32 40 137 39 54 ill 54 . 69 TT8 47 60 ill 44 58 ill >-l > 
1 4 1 1 42 1 43 1 44 2 1 2 1 2 :j 0 
0-1 32 421 144 27 320 168 32 344 352 32 394 459 18 23 122 18 32 168 Z 
1-2 27 78 102 69 137 11 0 41 78 152 23 73 208 14 32 122 14 23 124 
2-3 23 32 98 18 27 96 18 27 124 18 46 132 18 23 126 18 27 136 
3-4 18 23 96 18 23 96 H 18 120 18 27 11 2 14 18 108 14 18 120 
4-S 18 27 11 0 18 23 8e 14 23 104 18 23 11 0 18 14 11 8 14 18 103 
5-E 14 18 11 0 13 18 94 ') 18 120 18 27 11 2 18 18 126 14 14 124 {\vg 22 TOO TID 28 9T 109 2T 85 162 2T 98 189 17 2T T20 15 22 TID 
Table 1. Soil Test P205 and Exchangeable K Va l ues under Ta ll Fescue by One Inch Depths after Three Years of 
Topdress i ngs .* 
Factor i al N P K Designat i ons 
Depth P205** P205 P205 P205 P205 P205 
Inches Pl P2 Ex K Pl P2 Ex K Pl P2 Ex K Pl P2 Ex K Pl P2 Ex K Pl P2 Ex K 
- - -----
2 1 3 2 1 4 2 2 222 223 224 
0-1 18 27 320 27 37 520 32 101 356 96 110 156 165 215 228 133 174 332 
1-2 18 32 160 23 41 320 37 55 214 46 64 120 50 69 160 78 87 184 
2-3 14 23 136 18 23 18S 32 32 148 27 32 11 6 27 32 144 60 69 152 
3-4 18 18 136 18 23 160 18 23 126 23 23 108 23 18 140 27 32 140 
::0 4-5 14 18 140 18 23 156 18 18 11 4 32 37 148 23 23 136 37 37 136 tyj 
5-6 14 18 132 18 23 176 18 14 120 23 23 136 18 18 128 32 32 140 [j) tyj 
Avg 16 23 171 20 28 253 26 41 180 41 48 131 51 63 156 61 72 181 > 
::0 
2 3 1 232 233 234 2 4 242 n :t 
0-1 156 192 150 202 279 180 257 320 156 170 299 196 37 435 132 37 408 160 tp 
1-2 105 165 140 41 55 144 50 64 104 50 60 124 23 92 11 4 23 37 124 c t"' 
2-3 69 78 138 23 27 136 50 64 120 23 27 104 23 46 106 14 27 128 t"' tyj 
3-4 27 37 126 18 18 120 18 23 11 2 18 27 104 18 41 11 6 18 69 126 o-i 
4- 5 32 37 128 18 23 160 18 23 108 18 27 144 23 27 112 18 32 136 Z 
5-6 27 37 130 14 18 164 14 18 120 14 18 120 23 46 108 9 23 126 ..... 
Avg 66 9T ill 53 70 151 68 ""82 120 49 76 ill 25 ill ill 20 99 ill 0 V.> 
243 244 'Cl 
0- 1 32 257 276 32 206 250 
1-2 23 37 160 46 69 150 
2-3 18 23 136 27 37 11 4 
3-4 14 27 128 23 23 11 0 
4-5 18 23 148 27 32 106 
5-6 18 32 152 23 37 11 2 
Avg 2T 67 ill 30 67 140 
* Val ues are of composite samples from t hree repli cations of each treatment. 
.l:>-
V.> 
** Pl ' P2 i ndicate Brays weak and strong extractants respecti vely . 
~ 
Table 2. Final P205 and Exchang ea bl e K Soil Tes t Valu es under Tall Fescue by One I nch Dep ths After Seven Years ~ 
of Topdressings.* 
Factoria l N P K Desig nations 
1 1 1 1 2 1 1 3 1 1 4 1 2 1 122 
Depth P205** P205 P205 P205 P205 P205 ~ 
-- [/) 
Inches P1 P2 Ex K P1 P2 Ex K P1 P2 Ex K P1 P2 Ex K P1 P2 Ex K P1 P2 Ex K [/) 0 
c 
Pounds per Ac re 2,000,000 1bs . ~ 
0-1 16 20 133 20 25 164 13 15 326 11 25 451 92 11 5 141 80 III 146 >-
1-2 13 15 103 13 23 104 7 13 222 25 38 347 25 33 100 51 60 11 9 0 :0 
2-3 12 18 101 13 20 100 6 14 161 10 21 225 13 21 101 16 19 11 6 () 
3-4 13 14 105 15 16 92 6 11 127 6 9 203 10 17 99 21 22 103 c 
4-5 11 17 98 9 13 95 5 8 137 7 9 171 15 14 103 13 13 109 t"' ..., 
5-6 8 17 102 8 10 96 5 7 147 5 8 164 7 12 11 7 10 8 136 c :0 Avg 12 16 107 13 18 109 7 11 T87 11 18 265 26 35 lTD 32 39 ill > 
t"' 
1 2 3 1 24 1 3 1 1 3 2 1 33 1 34 tTl 
x 
0-1 99 III 201 81 91 305 11 6 151 125 236 267 165 249 283 167 282 343 32 1 ." tTl 1-2 33 44 127 47 55 140 139 173 131 75 77 11 7 95 87 118 77 80 193 ~ 
2-3 51 49 117 26 26 11 4 39 54 111 45 46 115 34 36 111 37 38 137 3:: 
3-4 26 24 11 7 14 18 11 6 13 21 117 17 22 11 5 18 24 107 21 29 129 tTl Z 4-5 14 14 120 14 16 119 13 19 III 18 23 117 17 24 11 5 19 22 128 ..., 
5-6 10 10 11 9 12 13 136 10 13 127 16 20 125 14 18 133 12 16 143 C/l 
Avg 39 42 ill 32 37 ill 55 n 120 6IT 76 126 7T 79 ill 75 38 ill ..., > 
..., 
1 4 1 1 42 1 II. 3 1 44 2 1 2 1 2 0 
0-1 39 304 135 66 471 149 53 304 245 59 310 326 20 22 123 18 20 184 z 
1-2 18 70 101 17 128 11 3 24 72 147 22 94 175 15 29 95 10 16 109 
2-3 16 37 103 15 67 114 47 f8 120 38 70 128 15 25 97 10 17 96 
3-4 11 29 99 15 37 11 6 13 30 116 14 29 121 13 14 95 8 14 93 
4-5 10 15 109 29 45 11 5 13 l() 121 16 27 11 7 10 17 96 12 11 96 
5-6 8 15 106 15 25 11 6 10 14 127 13 21 113 10 14 93 10 11 99 
Avg 17 78 T09 26 129 120 2"f 1321146 2"f 9T ill 14 20 TOO 11 15 ill 
Table 2. Final P20S and Exchangeable K Soil Test Values under Tall Fescue by One Inch Depths After Seven Years 
of Topdressing s .* 
Factorial N P K Designations 
Depth P20S** P205 P205 PZ05 PZ05 P205 
Inches Pl P2 Ex K Pl P2 Ex K Pl P2 Ex K Pl P2 Ex K Pl Pz Ex K Pl P2 Ex K 
213 2 1 4 2 2 222 223 224 
0-1 17 20 300 18 22 375 83 97 111 65 77 105 53 78 110 57 71 142 
1-2 12 17 191 15 24 232 15 28 107 27 30 82 18 25 71 36 43 94 
2-3 10 13 164 19 26 171 20 32 11 2 41 5!) 81 15 16 70 32 33 94 
3-4 11 15 142 16 20 135 21 22 117 17 22 77 10 14 72 64 84 91 
:::0 4-5 11 15 132 14 18 11 5 17 24 108 20 20 81 13 14 71 21 21 87 ttl 
5-6 10 13 131 15 14 125 14 Hl 125 16 21 84 9 11 70 18 23 93 [Jl ttl Avg 12 16 ill 1""6 2f ill 28 37 ill 3T 38 85 20 26 n 38 46 TOO > 
:>:l 
2 3 232 2 3 3 234 241 242 () :t 
0-1 157 203 111 120 131 117 118 154 113 120 155 160 44 270 115 45 230 106 tJj 
1-2 52 61 106 35 47 103 32 44 86 41 46 91 18 49 97 17 59 96 c: r 
2-3 69 60 105 70 77 109 18 24 82 70 88 83 13 20 106 15 53 95 r ttl 3-4 34 39 105 16 20 111 15 16 85 14 17 82 11 17 99 14 39 95 '"'I 
4-5 25 33 105 15 18 111 12 14 89 21 20 84 9 17 103 12 24 101 Z 
5-6 18 23 11 9 11 14 131 13 18 96 9 15 89 9 14 109 10 14 104 ...... 
Avg 59 70 109 45 51 lT4 35 45 :92" 46 57 98 17 65 155 19 70 100 0 VJ 
\D 
2 4 3 244 
0-1 51 228 156 48 157 189 
1-2 19 49 103 17 67 115 
2-3 18 30 93 21 57 96 
3-4 14 19 91 15 20 84 
4-5 14 18 91 lfl 23 90 
5-6 11 17 102 16 19 95 
Avg 2f 60 156 23 57 TIT 
* Data are IIleans of three l'ep1 ications Gf each treatl:'ent. ~ 
VI 
** Pl. P2 indicate Bray ' s weak and strong extractants respective ly. 
~ 
0\ 
Table 3. Final Soil Test Values Under Tall Fescue by One Inch Depths after Seven Years of Topdressings.* 
Neutral ;- Lb ~. per Neutra1i- Lbs. per zab1e CEC zab1e CEC Factorial Depth O.M. Acidity 2,000,000 1bs ~1e/1 00 gm Factorial O.M. Acidity 2,000,000 1bs MellOO gm 
N p J< Inches pHs % Me/100 9m Ca Mg Soil N P K pHs % t~ellOO sm Ca Mg Soil 
~ 
0-1 4.9 3.5 7.5 3100 450 17 .3 4.2 3.6 12 .2 2200 330 19.5 rf) 
1-2 5.5 2.6 4.3 3700 440 15.5 4.9 2.3 8.5 3800 390 15.5 rf) 0 
2-3 5.6 2.4 4.0 4100 470 16.3 2 5.6 2.2 5.7 4300 470 18.8 C 3-4 5.3 2.3 5.2 3700 460 16.5 5.3 2.3 5.8 4000 470 18.0 ~ 
4-5 5.0 2.4 7.2 3300 470 17 .7 4.8 2.0 8.2 3500 470 19.0 >-5-6 4.8 2.3 8.2 3200 500 18 .3 4.7 2.3 9.3 3100 490 19.3 C) 
0-1 5.4 2.9 4.8 3300 460 19.3 4.4 3.7 10.5 2700 360 19.0 
;0 
n 1-2 5.9 2.1 3.0 4200 480 15.7 5.6 2.3 4.2 4300 450 17.0 C 
2-3 5.9 2.2 3.2 4300 480 16.0 2 5.9 2.4 3.7 4500 490 17 .2 t'" 2 3-4 5.3 2.0 6.0 3400 470 16.7 2 5.4 7. .2 5.2 3800 500 16.8 ..; c:: 
4-5 4.9 2.1 7.2 3000 480 16.7 5.0 2.1 6.7 3500 420 17.7 ~ 5-6 4.7 1.8 9.2 2700 510 18.2 4.8 2.0 8.5 3200 550 19.0 t'" 
0-1 5.0 3.7 6.8 3300 550 17.7 4.4 3.3 10.8 2900 390 19.3 tT1 
1-2 5.5 2.4 4.3 4300 590 17.1l 4.9 2.2 7.3 3600 460 18.5 >< 
'1::1 
3 2-3 5.5 3.0 4.0 4400 600 17 . 7 2 3 5.3 2.1 4.8 4200 520 18.0 ttl 3-4 5.0 2.2 6.3 3500 580 17. 8 5.1 2.2 5.5 3900 530 17.7 ~ 
4-5 4.9 2.0 6.8 3800 630 19.2 4.8 2.1 7.5 3500 540 18.7 ~ 
5-6 4.9 2.0 7.0 3900 680 21.0 4.7 2.1 9.2 3500 600 20.8 ttl Z 
0-1 5.1 3.2 6.5 3100 480 16.8 4.3 3.6 11.2 2300 360 18.8 ..; 
1-2 5.4 2.4 5.3 3600 440 17 .0 5.1 3.0 6.3 4100 300 19.0 (f) 
..; 
4 2-3 5.3 2.1 5.2 3500 520 17 .5 2 4 5.4 2.4 5.0 4600 570 19.2 > 3-4 5.0 2.1 7.2 3500 570 18.7 5.3 2.5 5.3 4400 600 20 .0 ..; 
4-5 4.8 2.1 8.2 3300 580 19.0 5.0 2.4 7.3 3900 600 19.7 (5 
5-6 4.7 1.9 9.3 4100 660 22.7 4.9 2.5 7.7 4000 680 20.8 Z 
0-1 5.4 3.4 4.7 4100 560 17.3 4.5 3.B 9.3 2900 430 lB.7 
1-2 5.9 2.2 3.2 4BOO 530 17 .5 5.3 2.5 5.5 4500 470 18.7 
2 2-3 5.5 2.0 4.5 4500 530 lB.O 2 2 5.5 2.5 4.3 4600 510 18.2 3-4 4.9 2.1 8.7 3700 530 20.3 5.1 2.4 6.0 4100 510 18.3 
4-5 4.8 2.1 8.0 3400 540 19.0 4.8 2.5 8.8 3500 510 19.B 
5-6 4.6 1.9 B.3 3300 590 19 .3 4.8 2.5 9.3 3300 550 20.2 
Table 3. Final Soil Test Values Under Tall Fescue by One Inch Depths after Seven Years of Topdres s ing s. * 
Neutra1i- Lb~. per Neutra1i- Lbs. per 
zab1e CEC zab1£ CEC Factoria l Depth O.M. Acidity 2,000,000 1bs i'le/lOO gm Factorial n .M. Acidity 2,000,000 1bs Me/lOO gm 
N p K Inches pHs % Me/ 100 gm Ca Mg Soil N P K pHs % t4e/100 sm Ca Mg Soil 
0-1 5.4 3.1 5.0 3800 530 16.8 4.7 4.0 9.5 3300 490 19.8 
1- 2 5.7 2. 2 3.5 4300 520 16.5 5.6 2.8 4. 2 4700 520 18 .3 
2 2 2-3 5.3 2.1 5.5 3800 510 17.2 2 2 2 5.8 2.6 3.7 4800 520 18.0 3-4 4.9 2. 1 6. 8 3000 480 16.5 5.3 2.6 5.3 4000 520 17.3 
4-5 4.7 2.2 7.5 3000 520 17.3 5.0 2.6 8.2 3600 530 19.5 
5-6 4.6 1.8 7.2 3100 610 17.7 4.7 3.0 7.4 3400 550 20.8 
0-1 5.2 3.9 5.8 3600 540 17 . 5 4.8 4. 1 8.3 2800 430 17.3 
1-2 5.8 3.0 3.3 4800 570 17.8 6.0 2.7 2.3 4600 440 16.2 ~ 
2 3 2-3 5.6 2.7 4.5 4500 570 18.2 2 2 3 6.3 2.6 2.0 5100 460 16. 8 tn 3-4 5.2 2.5 6.0 3900 580 18 .2 5.7 2.5 3.5 4200 470 16.0 CJl tn 
4-5 5.0 2.8 7.5 3700 600 19.5 5.2 2.4 5.8 3600 500 17.2 > 
5-5 4.8 2.5 9 . 5 3400 600 20.7 4.9 2.4 8.3 3200 510 18.3 :>:l n 
0- 1 4.5 3.4 10 .3 2600 470 19 . 2 4.3 3.8 11.5 2300 370 19.0 :c 
1-2 5.2 2. 5 5.8 4000 550 18.3 5.2 3.0 6.3 3900 460 18.2 tp 
2-3 5. 2 2.4 6.5 3900 550 18 .7 5.3 2.7 5.3 4000 480 17 .5 c:: 2 4 2 2 4 r 3-4 4.8 2.4 8.0 3500 550 19.2 5.0 2.7 7 . 2 3500 490 18.2 r 
4-5 4.7 2.4 9.5 3300 560 20 .2 4.8 2.7 9.7 3400 510 20.3 tn ..., 
5-6 4. 5 2.2 9.3 3300 620 20.3 4.6 2.5 9.3 3100 530 19.3 Z 
0-1 5.6 3.3 4.3 4300 580 17.2 5.0 3.4 7.3 3600 460 18 .3 ...... 
1-2 5.9 2.2 3.3 5500 550 19 . 5 5.9 2.3 3.0 5100 500 18.0 0 u.> 
3 2-3 5.6 2.0 4.5 4200 510 17.7 2 3 5. 7 2.1 3.8 4800 490 18 .0 \0 3-4 4.9 2. 1 7.5 3800 540 19. 2 5.1 2.1 6.7 4000 480 18.7 
4-5 4.6 2.1 9.4 3400 540 19 . 5 4.8 2.2 8 .7 350G 500 19.7 
5-6 4.5 1.9 9.3 3200 560 19 .8 4.6 2.0 8.5 3400 550 19.5 
0- 1 5.4 3.0 4.7 3400 510 15 . 6 4.8 3.4 6.5 3300 540 17.3 
1-2 5.9 2.3 2.8 4300 500 15.8 5.7 2.0 3.0 5200 580 23.2 
1 3 2 2-3 5.8 2.0 3. 2 4300 510 16.3 2 3 2 5.7 2.0 3.0 4600 570 17 .0 3-4 5.4 2. 1 6.0 3700 510 17.7 5.1 1.9 5.3 3800 580 17.5 
4-5 5.0 2.2 7.0 3400 520 17.7 4.8 1.9 6.3 3400 580 17.5 
5-6 4,7 1.9 9. 3 3200 560 18.7 4.7 1. 9 8.0 3300 530 19.0 
0-1 5.4 3.6 5.0 3500 4flO 16.0 4.8 3.4 6.3 2800 440 17.5 
1-2 5. 9 2.4 2.8 4600 500 16.7 5.7 2.5 3.7 4300 450 16.3 
2-3 5. 7 2. 4 3.5 4200 500 16 .3 2 3 3 5.7 2.1 3.2 3800 430 14.5 ,j:>. 3 3 3-4 5.3 2.3 5,0 3600 510 16. 2 5.2 2.1 4.2 3400 450 14.5 -.J 
4-5 5.1 2.3 6.7 3400 550 17 . 5 5.0 2. 1 5.2 3000 470 14 . 7 
5-6 4.6 2.2 8.2 3200 610 19.0 4.8 2.1 6.2 2800 500 19 . 5 
Table 3. Final Soil Test Val ues Under Ta ll Fescue by One Inch Depths after Seven Years of Topdressings.* 
..,.. 
00 
Neutra1i - Lb~. per Neutra 1 i - Lbs. per zab1e CEC zab1e: CEC Factorial Depth O.M. Acidity 2,000,000 1bs HellOO gm Factorial O.M . Acidity 2,000,000 1bs MellOO gm 
N p K Inches pHs % Mell OO gm Ca Mg Soi l N P K pHs % t1e/ 100 sm Ca Mg Soil 
0-1 5.2 3.5 5.8 3400 500 16.7 4.8 3.4 8.0 2400 390 15.7 ~ 1-2 5.5 2.3 4.2 4300 560 17 .5 5.7 2.0 3.7 3700 440 15.3 en 2-3 5.5 2. 1 4.5 4100 520 17.2 6 .0 2.0 2.8 4000 450 14.8 (f) 3 4 3-4 5. 1 2.1 5.8 3600 560 17.5 2 3 4 5.8 1 .9 3.7 3700 350 15 .0 0 c:: 4-5 4.9 2.2 6.8 3300 560 17. 7 5.4 2.0 4.7 3200 460 14.7 ~ 5-6 4.7 3.0 9. 2 3500 650 20.8 5. 1 1. 7 5.5 3000 510 15.2 
> 0-1 5.5 3.3 5.0 4000 550 17.5 4.9 3.4 8.7 3600 430 19.3 C) 
1-2 5.7 2.3 3.8 4200 480 16.5 5. 7 2.2 3.3 5500 450 16. 7 ~ 
2-3 5.4 2.1 4.5 4000 480 16.8 5.4 2.0 4.7 4200 490 17 .5 n 4 3-4 5.0 2. 1 7.5 3500 480 18.5 2 4 5.0 1.8 7.2 3400 500 18.2 c:: 
4- 5 4.8 2. 2 7.7 3400 520 18.3 4.8 2. 1 9.3 3300 530 20.0 ~ 
5-6 4.7 2.0 9.5 3000 520 19.3 4.7 2.0 10.0 3100 570 20.3 c: ~ 0-1 5.4 3.4 4.7 3900 550 17.0 5.0 3.5 6.8 3200 450 16.8 t-< 
1-2 5.6 2.5 3.8 4300 520 17 .0 5.7 2.3 3.3 450 500 16.8 trl 
4 2 2-3 5.3 2.5 5.8 3900 520 18.0 2 4 2 5.8 2.3 3.7 4500 520 17 .0 X 3-4 4.8 2.3 7.5 3300 500 18.0 5.2 1. 9 4.5 3900 530 16.5 '1j tTl 4-5 4.7 2.3 8.8 3200 540 19.3 4.9 1. 9 7.0 3700 550 18. 7 ~ 5-6 4.6 2.2 9 .8 2900 530 19.3 4.8 2.0 8 .0 3300 570 18. 7 ~ 
0-1 5.2 3.6 6.7 3700 590 18.7 4.5 3.6 9.0 2700 420 17. 5 tTl Z 1-2 5.6 2.8 4.7 4500 600 18.5 5.3 2.3 5.7 4200 520 18.5 ..., 
4 3 2-3 5.4 2.8 6. 2 4000 580 18.5 2 4 3 5.7 1.9 4.3 4300 550 17.7 V'l 3-4 5.0 2.5 7.7 3700 590 19 .5 5.2 2.0 7.3 3800 570 19.2 ..., 
4-5 4.8 2.4 8.0 3500 610 19.3 4.9 2.0 7.8 3600 580 19.3 > ::l 5-6 4.7 2.2 9.3 3300 f50 20.5 4.9 1. 9 8.7 3500 620 20 . 2 0 
0-1 5.0 3.6 6.7 3300 470 17.3 4.5 3.0 9.2 2600 370 17.3 Z 
1-2 5.7 3. 1 4.3 4500 500 17.8 5.4 2.3 4.3 3900 430 16.0 
4 4 2-3 5.6 2. 4 5.2 4500 520 18 .7 4 4 5.4 7.. 1 4.7 4000 460 16.7 3-4 5.1 2.8 6.5 3700 530 18.0 5. 1 2. 1 5.8 3500 460 16.7 
4-5 5.1 2.3 8.2 3600 530 19.5 5.0 2. 1 7.0 3400 490 17.5 
5-6 4.9 2.8 8.2 3400 530 19.2 4.9 2.0 7.5 3100 520 17.5 
* Means of t hree replicat ions. Data for P205 and Exchangeable K Appendix Tab l e 2. 
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Tab l e 4. Effect of N P K Treatmen ts on Final Soi l Test Va l ues 8"-14" Dept hs 
Under Tall Fescue Af ter Seven Years .* 
Factorial P205 CEC 
r-J P K pHs Pl P2 Ca MC] Ex K ~le/ 1 00 gm 
.. - Lts/2 ,000,OOO lbs 
1 4.6 5 9 3100 630 124 20 .0 
2 4.5 5 5 4300 910 186 28.0 
3 4.6 2 2 5300 1000 236 28.0 
4 ~.6 2 5 4900 100 228 28 .0 
2 1 ~.5 5 S 4300 870 170 26.0 
2 2 4.5 5 5 3800 890 176 25.5 
2 3 4.6 5 9 5400 1000 196 32.0 
2 ~ 4.5 11 16 4800 920 184 30.0 
3 1 4.6 5 5 4700 930 180 28.0 
3 2 4.4 5 5 4100 900 184 26.5 
3 3 4.4 5 9 4300 900 196 29.0 
3 4 4.6 5 9 4900 1000 206 30.5 
4 1 4.6 5 9 4100 920 188 25.5 
4 2 4.5 5 7 4500 960 188 29.5 
4 3 ~ . 6 5 5 5300 1000 224 30 .5 
2 1 4.5 2 5 4100 840 170 26. 0 
2 2 4.7 5 5 GOOD 1000 264 33.5 
2 3 4.6 5 5 5300 1000 224 30.5 
2 4 4.8 5 7 6700 1000 284 31. 5 
2 'l 4.7 9 9 4100 820 162 25.0 '-
2 2 2 4.5 7 18 3900 840 150 26.5 
2 2 3 4.5 5 5 3900 780 148 26 . 5 
2 2 4 4. 5 18 27 3500 730 140 23.5 
2 3 1 4.6 5 9 4900 960 186 28.5 
2 3 2 ~ . 6 5 5 4400 890 186 26.5 
2 3 3 4.6 9 9 3900 810 174 24.0 
2 3 4 4. 5 6 5 3800 780 168 26.5 
2 4 1 4.6 7 9 4500 970 194 28.5 
2 4 2 4.6 2 7 5300 1000 232 39 . 5 
2 4 3 4.8 5 11 6000 1000 288 30 . 5 
2 4 4 4.6 7 9 4100 830 174 28 .0 
* Data are tests on composite samples of three rep l ications of each 
treatment. 
Table !:. Phosphorus and Potassium Content of Tall Fescue Forage at Di fferent Dates and Cuttings.* 
1973 1974 1975 1976 1977 Mean P K Content 
Factorial Cut 2 Cut 1 Cut 2 Cut 3 Cut 1 Cu t 2 ~ Cut Cut 2 Cut 1 ~ 
N P K P K P K P K P K P K P K P K P K P K P K P K 
% 
1 .16 1.34 .1 1 1. 44 . 10 1.24 .08 .69 . 09 1.20 .09 1.04 . 12 1.53 .10 1.41 . 08 .97 .11 1.40 .11 1. 15 
2 . 18 1.68 . 14 2.34 . 11 1.72 .09 1. 01 . 12 1. 89 . 11 1. 39 .12 1.93 . 11 1.97 .10 1.55 .1 2 2.03 .13 1. 59 
3 .121.88 . 12 2.54 .10 2 . 22 .08 1.1 2 . 11 2 . 39 .10 1.63 .11 2.34 .1 0 1.99 .081.98 .11 2.3 1 .10 1.93 
4 .12 1. 99 .11 2.69 .10 2 . 47 .08 1.17 .11 2.43 .09 1.72 .10 2.21 .10 2.06 .08 2.31 . 11 2.35 .10 2.12 
2 1 .21 1.30 . 24 1.44 .16 1.1 5 .12 .76 . 17 1.22 .19 1.23 . 20 1.15 .19 1.01 .19 1.05 .20 1.21 .1 9 1.1 8 
2 2 .21 1.70 .22 2.21 .17 1. 55 .13 .92 .21 1. 67 .1 61.25 . 20 1. 58 . 17 1.68 .19 1. 34 .20 1.79 .19 1.62 
2 3 .23 1.88 .24 2.82 .1 8 2.07 .13 .98 .20 2.08 .17 1.50 .22 2.11 .18 2.04 .21 1 . 74 . 21 2.26 .20 1. 80 
2 4 . 20 1.90 .22 3.25 . 18 2.31 . 12 .99 .19 2. 70 . 15 1.42 .22 2.30 .1 8 2.28 .19 2.01 . 20 2.63 .1 8 1. 91 
3 1 .25 1. 38 .26 1.75 .21 1.06 . 15 .72 .23 1.23 .21 1.1 6 .26 1. 10 .23 1.02 . 25 1.04 .25 1. 28 . 23 1.1 6 
3 2 . .24 1. 77 .28 2.23 .22 1. 60 .15 .98 .25 1. 83 .21 1.38 .25 1. 99 .22 1.81 .25 1.37 .25 1.97 .23 1. 53 
3 3 .24 1.93 .28 2.86 .23 2.00 . 16 1. 07 .25 2. 18 .21 1.41 .27 1 .80 .23 1.94 . 26 1. 44 .26 2.20 .24 1. 70 
3 4 .24 1 .87 .27 3. 11 .23 2. 27 .13 1.01 .23 2.69 . 19 1.63 .26 2.55 .20 2. 34 . 24 1. 90 .24 2.67 .23 1.92 
1 4 1 .21 1.53 . 19 1. 23 .14 1.12 . 10 .71 .13 1 .04 .14 1.13 .1 7 1.04 .15 1.00 .15 .88 .16 1.08 . 16 1. 17 
1 4 2 .201.60 .18 2.24 . 16 1. 59 . 12 1.00 .16 1. 70 .14 1. 30 .18 1 .55 .14 2.07 .1 8 1. 28 .17 1.89 .17 1.44 
1 4 3 . 18 1. 84 .17 2.70 .14 2. 06 . 11 1.04 . 14 2.47 .14 1.61 . 16 2.22 .13 2. 14 . 15 1.70 .15 2.38 .15 1. 80 
1 4 4 . 23 2.04 .20 3.18 .16 2.46 . 11 .92 .17 2.83 . 13 1. 53 .18 2 .43 .1 3 2. 41 .16 6.67 . 17 2. 71 .17 1. 93 
2 1 1 .1 4 1.32 .11 1. 30 .1 0 1.1 6 .Og .80 .09 1.02 .08 . 96 .13 1.47 .12 1.24 .09 1. 01 .11 1.26 . 10 1.11 
2 1 2 .14 1.94 . 101.79 .10 1.78 .09 1.19 .10 1. 51 .081.30 .13 1. 83 .11 1. 89 . 09 1. 71 .11 1. 76 .10 1. 68 
2 1 3 .14 2.10 .101.76 .10 2.17 .08 1.36 . 11 1.78 .081.64 . 13 2. 15 . 11 1.98 .08 2.08 .11 1. 83 .10 2.00 
2 1 4 .15 2.05 .10 2. 12 .10 2.41 .09 1. 74 .11 2.09 . 03 2.1 3 . 132.09 . 12 2.25 .10 2.59 . 12 2.14 .11 2.30 
2 2 1 .24 1.44 .23 1.09 .18 1.02 . 16 .84 .15 .82 .1 3 .74 .20 1. 03 .20 .B l . 18 .81 . 20 . 94 .18 1.00 
2 2 2 .21 1.50 .21 1.72 .1 9 1.46 .15 1. 14 .18 1.16 .13 .93 .20 1.37 .1 7 1. 34 .17 . 92 .1 9 1.40 .1 8 1.20 
2 2 3 . 22 1. 74 .21 2.00 . 17 1.54 .1 4 1.19 .17 1.47 .1 2 1. 05 .18 1.67 .16 1.72 . 16 1. 05 .1 8 1.72 .17 1. 35 
2 2 4 .1 7 1.86 .21 2. 72 .18 2.27 .15 1.84 .16 1.99 .11 1. 23 . 19 2. 03 .17 1. 94 . 19 2. 16 . 18 2.17 .16 1. 88 
2 3 1 . 24 1.82 .28 1. 44 . 24 1 .00 .19 .87 .1 9 . 80 .16 .80 .24 .92 .25 .78 .26 .82 .24 .99 . 23 1.11 
2 3 2 .26 1.77 .27 1.75 .21 1 .41 .17 1.08 . 20 1.20 . 14 .87 . 24 1.35 .21 1.13 . 23 . 77 .23 1. 24 .21 1. 21 
2 3 3 .23 1. 66 . 25 2.17 .22 1.81 . 17 1. 29 .20 1. 39 . 14 .97 .24 1.67 .20 1.67 .22 1.00 .22 1. 73 .20 1. 36 
2 3 4 .24 1. 79 .27 2.57 .21 2. 16 .1 7 1.54 .21 1.68 . 15 1. 37 .23 1.79 .20 1. 69 .24 1.90 .23 1 .93 .21 1. 81 
2 4 1 .231.19 .16 1.14 .1 3 1.13 . 14 .82 . 14 .98 .14 . 73 .1 7 1. 13 . 17 .83 .18 . 84 .16 1. 20 . 17 .97 
2 4 2 . 23 2.00 .16 1.65 .14 1.45 .1 4 1.06 .12 1.06 . 12 .80 . 16 1.22 . 13 1.47 .1 5 . 94 . 14 1. 35 . 16 1. 30 
2 4 3 .19 2. 16 . 14 2.30 .12 2.05 .131.71 .10 1.79 .1 2 1. 46 .15 1. 98 .1 2 1. 87 .13 1.61 .1 3 1.99 . 14 1. 82 
2 4 4 .21 2.36 .17 2.81 .14 2.24 .141.76 .1 4 2.09 .12 1.55 .20 1.78 . 16 1. 84 .17 2.03 . 17 2.13 .16 2. 05 
* No analyses were made on the 197 1 and 1972 for age when first cuttings on ly were made. P, K percentages of first cutt ing 1974 were used to 
est imate P and K removal in 1971, 1972; al so for first cutting 1973 . Samples of the three rep l ications were c~nposited for the data reported 
for second cutting 1973. All other data are means of individual results from each replication . 
Table 6. Relationships of Final 0-3 Inch P20S (P2) and Exchangeable K Soil Test Values to Yields of Tall Fescue. See Table 6 for data. 
Function 
Linear P20S 
Quadratic P20S 
Li near Ex K 
Quadratic Ex K 
Linear P20S + Ex K 
Quadratic P20S + Ex K 
Quadratic Ex K, 0 P20S 
Quadratic Ex K, 30 P20S 
Quadratic Ex K, 60 P20S 
Quadratic P20S' 0 K20 
Quadratic P20S, SO K20 
Quadratic P20S' 100 K20 
Quadratic P20S' lS0 K20 
*Values significant .OS% 
Yield Percent Optimum Yield 
R2 R2 R2 R2 
1975- 1973- 1975- 1973-
1977 1977 Equation 1977 1977 Equation 
y = 1.46 + .03 (P20S) .S2* 
y = -.31 + .11 (P20S) - .0007 (P20S)2 .71* 
Y = 4.38 + .01 (Ex K) .24* 
Y = 8.09 - .06 (Ex K) + .0002 (Ex K)2 .30 
Y = 1.17 + .06 (P20S) + .004 (Ex K) 
- .003 (P20S)(Ex K) .S6 
Omitted# .72 
y = 3.S8 - .03 (Ex K) + .00009 (E x K)2 .21 
Y = 9.S4 - . 13 + .0006 (Ex K)2 .002 
Y = 106 .60 - 2.01 (Ex K)+ .01 (Ex K)2 .13 
Y = -.98 + .11S (P 20S) - .0007 (P 20S )2 .74 
Y = -0 .23 + .10 (P20S) - .0006 (P 20S)2 .7S 
Y = -1.09 + . 16 (P20S) - .001 (P20S)2 .8S 
Y = - . 18 + .11 (P20S ) - .0007 (P20S)2 .63 
.3S* Y = 41.69 + .n7 (P 20S) .6S* 
.40* Y = -12.42 + 3.30 (P20S) - .02 (P20S)2 .88* 
.03 Y = 131.98 - .34 (Ex K) .31* 
.03 Y = 243.81 - 1.90 (Ex K) + .OOS (Ex K)2 .38 
Y = 33.12 + 1.93 (P 20S) + .12S (Ex K) 
.38 - .01 (P20S) (Ex K)2 .70 
.43 Omit ted# .89 
.06 Y = 10S.40 - .87 (E x K) + .003 (Ex K)2 .39 
.04 Y = 373.8S - S.63 (Ex K) + .029 (Ex K)2 .03 
.09 Y = 323S.4S - 60.96 (Ex K) + .30 (Ex K)2 .43 
_ ( 2 
.40 Y - -29.34 + 3.43 P20S) - .02 (P 20S) .97* 
.4S Y = -9.3S + 3.07 (P20S) - .02 (P20S)2 .96* 
. S3 Y = -37 .01 + S.08 (P20S) - .04 (P20S)2 .9S* 
.30 Y = -13.09 + 3.60 (P20S) - .02 (P20S)2 .86* 
.67* 
.76* 
.04 
.OS 
.71 
.81 
.17 
.S4 
.34 
.80* 
.83* 
.87* 
.7S 
#Complex equation, R2 not significant. 
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Table 7. Relationships of Final 0-3 Inch P205 (P 1) and Exchangeab l e K Soil Test Values to Yields of Ta ll Fescue. See Tab l e 6 for Data . 
Yield Percent O~ti mum Yie ld 
R2 R2 
1975- 1975-
Function Equation 1977 Equation 1977 
Linear P205 y ; 1.42 + .04 (P205) .53* y; 40 .55 + 1. 24 (P20S) .66* 
y = -.1 1 + .1 4 (P205) - .001 (P205)2 .71* 2 .89* Quadratic P205 y ; -6.3S + 4.13 (P20S) - .03 (P20S ) 
Li nea r Ex K y = 4.38 - .01 (Ex K .24* y = 132.02 - .3S (Ex K) .31* 
Quadratic Ex K y ; 8.13 - .06 (Ex K) + .0002) (Ex K)2 .30 y = 244.S7 - 1.91 (Ex K) + .OOS (Ex K)2 .38 
Linear P20S + Ex K y ; 1.33 + .OC (P20S ) + .002 (Ex K) y = 38.06 + 2.38 (P20S) + .078 (Ex K) 
- .0004 (P20S) (Ex K) .55 - .01 (P20S) (Ex K) .70 
Quadratic P20S + Ex K Omitted# .74 Omitted# .92 
Quadrat ic Ex K, 0 P20S Y = 3.69 - .03 (Ex K)+ 9.S0 (Ex K)2 . 21 y - 107.S2 - .89 (Ex K) + .003 (Ex K)2 .40 
Quadratic Ex K, 30 P20S Y = 9.54 - .13 (Ex K) + .0006 (Ex K)2 .002 y = 373.8S - S.63 (Ex K) + .03 (Ex K)2 .03 
Quadratic Ex K, 60 P20S Y = 106 .42 - 2.01 (Ex K) + .01 (Ex K)2 .13 y = 3235.4S - 60.96 + .30 (Ex K)2 .43* 
Quadrat i c P20S, 0 K20 Y = - . 39 + .13 (P20S) - .0009 (P205)2 .74 y = -12.18 + 3.74 (P20S) - .03 (P20S )2 .97* 
Quadrati c P20S' SO K20 Y = -.40 + . 16 (P 20S) - .001 (P20S )2 .7S y = -14 .27 + 4.72 (P20S) - .04 (P20S )2 .96* 
Quadratic P20S, 100 K20 Y = -1.04 + .22 (P205) - .002 (P205)2 .85 y = -35.52 + 6.87 (P205) - .07 (P20S)2 .9S* 
Quadratic P205, lS0 K20 Y = . 52 + . 11 (P205) - .oooe (P20S)2 .63 y = 8.81 + 3.47 (P205) - .03 (P205 )2 .86 
*Significant .05% 
#Comp1ex equation, R2 not significant . 
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Table 8 . Re lationships of Final 0-3 Inch Exchangeable K Soil Test Values to Yields of Tall Fescue in the Presence of Adequate Phosphorus. 
See Table 6 for Data. 
Function 
Linear Ex K 
Quadratic Ex K 
*Significant at .05 %. 
Yield 
Equation 
y = 3.10 + .006 (Ex K) 
y = -14.24 + .36 (Ex K) - .002 (Ex K)2 
R2 
1975-
1977 
.008 
.029 
Percent Optimum Yield 
Equation 
y = 94.05 + .14 (Ex K) 
y = -432.53 + 10. 98 (Ex K) - .05 (Ex K)2 
R2 
1975-
1977 
.018 
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Phosphorus and Exchangeable K Soi l Test Values under Reed Canarygrass by One Inch Depths after Three Years VI Table 9. ~ 
of Topdressings.* 
Factorial N P K Designations 
1 1 1 1 2 1 1 3 1 1 4 1 2 1 122 
Depth P205** P205 P205 P205 P205 P205 ~ 
Inches Pl P2 Ex K Pl P2 Ex K Pl P2 Ex K Pl P2 Ex K Pl P2 Ex K Pl P2 E.x K rn rn 
0 
Pounds per Acre 2,000,000 l bs. c: ~ 
0- 1 32 46 296 32 41 400 32 46 436 32 32 600 69 105 290 C)6 142 420 ::> Cl 
1-2 14 23 24E 18 31 284 27 37 300 14 32 386 18 27 246 37 69 312 ~ 
2-3 23 32 256 18 29 272 14 32 236 18 23 316 14 23 234 18 32 288 n 
3-4 14 18 240 15 17 272 14 14 232 18 18 306 9 14 246 18 23 288 c: r' 
4-5 14 18 234 15 23 260 14 27 220 18 23 280 9 18 246 14 27 288 o-J c: 5-6 18 23 228 15 21 232 14 23 228 14 18 266 14 lB 240 18 27 288 ::0 
Avg 19 27 250 19 27 287 19 30 275 19 24 359 22 34 250 34 53 314 >-r' 
1 2 3 1 2 4 1 3 1 132 1 3 3 1 34 tTl X 
'0 0-1 128 170 490 137 133 520 247 357 302 307 380 296 266 334 420 224 289 540 tTl 
1-2 46 87 334 55 78 340 46 60 246 105 183 284 46 64 284 37 55 320 ::0 
2-3 27 41 312 14 37 276 14 23 222 124 151 284 18 32 242 23 37 232 s:: tTl 3-4 14 32 266 14 23 276 14 23 208 142 202 280 14 23 236 18 27 232 Z 
4-5 9 18 294 14 23 260 14 23 204 87 133 288 18 23 236 18 23 232 o-J 
5-6 18 27 276 14 23 248 23 27 222 55 60 266 18 27 228 18 18 200 C/l o-J 
Avg 40 63 329 lIT 51 320 60 86 234 ill 185 283 63 84 274 56 75 293 >-o-J 
1 4 1 1 42 1 4 3 1 44 2 1 2 1 2 0 Z 
0-1 92 641 308 82 609 400 78 595 444 55 609 590 27 41 302 23 32 328 
1-2 50 124 240 27 119 232 46 229 278 18 165 356 18 32 296 18 23 246 
2-3 41 78 240 23 41 294 37 55 252 14 46 284 14 23 272 9 23 246 
3-4 37 78 250 18 27 294 82 133 252 9 27 256 14 13 272 9 9 234 
4-5 46 87 240 23 27 280 55 92 246 9 18 256 18 18 260 9 14 240 
5-6 82 170 236 18 23 256 64 78 212 14 23 256 14 23 272 14 18 240 
Avg 58 1% 252 32 ill 293 ()() 197 28T 20 148 333 113 26 279 14 20 256 
Table 9. Phosphorus and Exchangeable K Soil Test Values under Reed Canarygrass by One Inch Depths after Three Years 
of Topdressings .* 
Factorial N P K Designations 
Depth P205** P205 P205 P205 P205 P20 5 
Inches P1 P2 Ex K P1 P2 Ex K P1 P2 Ex K P1 P2 Ex K P1 P2 Ex K P1 P2 Ex K 
213 214 2 2 222 223 224 
--- ------ -----
0-1 27 46 360 37 46 544 50 78 308 46 73 308 50 69 346 37 60 406 
1-2 23 37 290 18 32 340 37 64 278 23 27 252 18 27 272 23 37 302 
2-3 18 23 252 18 23 260 18 32 260 14 23 228 14 27 228 14 27 278 
3-4 23 35 240 18 23 216 14 23 266 14 23 234 14 23 228 9 18 284 ::0 tTl 4-5 14 16 246 14 16 200 18 18 266 18 23 234 H~ 3 1 266 14 27 284 [/} tTl 5-6 14 20 240 14 20 228 18 18 252 14 18 216 14 23 222 9 18 266 >-
Avg 20 30 m 20 27 298 26 39 272 22 3T -245 2T 3T 260 18 3T 303 ~ n 
231 232 233 234 241 242 :r: ttl 
0-1 170 243 290 87 124 328 147 206 356 119 12'; 444 69 595 228 37 595 322 c: r 1-2 50 82 228 37 64 278 32 46 256 50 92 334 60 247 200 23 73 266 r 
2-3 23 46 234 23 32 278 18 37 246 18 27 284 78 147 188 14 41 272 tTl j 
3-4 23 27 216 23 23 260 18 27 260 23 32 290 62 137 188 14 27 260 z 
4-5 23 27 228 14 23 260 18 27 252 18 23 296 46 69 198 14 23 290 
5-6 18 23 216 14 23 260 18 23 240 14 18 284 64 92 196 14 23 260 0 
'VJ 
Avg 51 75 235 33 413 ill 42 ~ 268 W 53 322 63 ill 200 ---,g TJO 278 'D 
243 244 
0-1 37 453 396 41 499 528 
1-2 18 64 316 27 78 352 
2-3 14 41 290 14 32 316 
3-4 14 41 272 18 23 266 
4-5 14 27 266 18 18 290 
5-6 14 18 260 9 14 256 
Avg 19 ill 300 2T ill 335 
* Values are of composite samples from three rep l ications of each treatment. VI VI 
**P1, P2 indicate Bray's vleak and strong extractants respective ly. 
Table 10. Final P205 and Exchangeable K Soil Test Values Under Reed Canarygrass by One Inch Depths after Six Years 
of Topdressing.* 
VI 
0\ 
Factorial N P K Designations 
T 1 1 1 2 1 1 3 1 1 4 1 2 1 2 2 
Depth P205** P205 P205 P20S P205 P205 ~ 
Inches Pl P2 Ex K Pl P2 Ex K Pl P2 Ex K Pl P2 Ex K Pl P2 Ex K P1 P2 Ex K 
Vl 
Vl 
0 
Pounds per Acre 2,000,000 lbs. c ~ 
0-1 25 31 156 40 58 247 21 34 306 17 3Cl 471 73 92 172 76 101 231 >-Cl 
1-2 16 26 130 27 37 183 14 32 207 8 20 378 22 37 132 28 40 191 ~ 
2-3 14 23 123 28 43 168 9 17 157 10 16 286 17 31 131 19 33 165 () 
3-4 12 18 127 26 37 167 12 23 147 9 12 205 13 22 123 11 18 161 c r' 
4-5 14 18 129 24 36 169 12 19 150 9 15 189 14 24 131 9 19 169 .., c:: 5-6 14 17 137 25 40 174 7 17 149 7 17 182 15 19 127 8 20 167 ::0 
Avg 16 22 ill 28 42 ""f85 13 24 186 TO 18 285 26 38 ill 25 39 ill > r' 
123 124 1 3 1 132 133 134 tTl ~ 
0-1 84 100 304 86 104 376 215 258 155 221 288 234 178 229 277 201 242 380 ~ tTl 
1-2 30 39 228 32 45 295 65 72 132 85 102 194 61 63 195 43 58 291 ~ 
2-3 14 19 192 17 26 221 32 43 115 34 50 175 20 24 153 18 30 213 s:: tTl 3-4 12 17 165 13 20 179 29 36 122 31 47 165 14 17 139 13 18 ·162 Z 
4-5 10 17 165 11 16 157 22 27 127 46 50 163 15 17 135 14 16 151 .., 
5-1: 13 17 166 11 14 153 17 21 111 51 63 159 13 17 121: 10 13 153 rJl .., 
Avg 27 35 203 28 38 230 63 76 ill 78 100 182 50 6T m 50 63 225 > .., 
1 4 1 142 143 1 4 4 2 1 212 (3 
z 
0-1 84 447 175 62 402 273 93 432 294 55 383 440 20 24 133 16 21 185 
1-2 68 188 183 23 169 210 38 169 227 17 187 339 12 26 145 12 20 159 
2-3 73 122 184 14 82 187 17 64 137 13 61 259 11 19 146 9 16 154 
3-4 57 81 167 14 36 176 16 46 165 12 44 223 10 18 141 11 18 150 
4-5 51 65 176 9 32 195 24 52 172 13 35 204 14 17 130 13 18 154 
5-6 33 43 191 9 23 171 22 43 161 10 24 185 12 18 144 9 16 155 
Avg 6T 158 179 22 124 202 35 134 20T 20 122 275 13 20 140 12 18 T60 
Table 10. Final P205 and Exchangeable K Soil Test Values Under Reed Canarygrass by One Inch Depths after Six Years 
of Tordressing.* 
Factorial N P K Designations 
Depth P205** P205 P205 P205 P205 P205 
Inches Pl P2 Ex K Pl P2 Ex K Pl P2 Ex K Pl P2 Ex K Pl P2 Ex K Pl P2 Ex K 
213 2 4 2 2 222 223 224 
0-1 34 52 225 34 40 370 61 72 141 62 77 137 63 72 180 58 84 308 
1-2 27 45 199 15 23 287 15 29 139 33 40 152 21 30 169 16 27 247 
2-3 17 37 173 12 26 225 12 19 140 13 26 131 14 25 158 14 18 185 
3-4 18 39 165 18 35 180 14 17 141 14 14 144 12 19 149 18 21 183 ~ 
4-5 24 40 158 20 36 164 11 20 143 18 35 135 14 17 151 13 19 182 tTl en 
5-6 14 27 158 11 17 167 14 20 142 13 16 140 14 17 151 16 14 180 tTl 
Avg 22 40 180 18 30 232 2T 30 ill 26 35 145 23 30 160 23 3T ill ;.. ;:<l () 
2 3 1 232 233 234 2 4 242 ::r: 
0- 1 140 180 152 120 148 214 138 200 177 130 161 358 118 422 105 73 315 167 ttl c 
1-2 63 69 129 46 65 197 45 64 161 37 50 288 21 120 123 19 72 185 t"' t"' 
2-3 25 39 127 17 31 175 19 26 153 21 30 245 21 53 123 13 50 177 tTl .., 
3-4 23 37 129 10 24 184 17 22 150 14 25 212 12 27 113 10 27 167 Z 4-5 17 27 123 15 24 138 14 19 154 15 21 221 10 19 11 0 12 40 178 
5-6 14 24 134 11 20 185 16 19 162 15 20 207 13 19 122 10 24 164 ...... 0 
Avg 47 53 ill 37 52 ill 42 58 160 39 51 255 33 11 3 m 23 88 ill .J.) 
'-0 
243 244 
0-1 82 369 197 64 276 279 
1-2 20 95 197 17 59 218 
2-3 14 46 131 12 37 192 
3-4 14 43 175 12 28 173 
4-5 11 26 176 11 19 178 
5-6 13 20 173 10 21 173 
Avg 26 100 ill 2T 73 202 
* Data are means of three replications of each treatment . V1 
-..J 
** Pl. P2 indicate Bray's weak and strong extractants respectively. 
VI 
Table 11. Final Soil Test Val ues under Reed Canarygrass by One Inch Depths after Six Years of Topdressings*. 00 
t1eutra 1 i- Lbs. per Neutra1i- Lbs. per 
zab1e CEC zab1e CEC Factorial Depth 0.11. Aciditv 2,000,000 1bs He/100 gm Factorial O. ~.1. Acidity 2,000,000 lbs MellOO gm 
N p K Inches pHs % MellOO gm Ca Mg Soil N P K pHs % Me/100 gm Ca Mg Soil 
~ 
0-1 5. 4 3.7 4.5 4867 580 i9.3 4.3 3.5 9.7 3967 557 22.2 (jj 
1-2 6.2 2.8 2.0 6000 610 19.8 5.7 2.5 3.3 6000 710 21. 5 (J) 0 2-3 6.4 2.5 1.5 5967 650 19.3 2 6.1 2.6 2.5 6167 743 21.2 c:: 3-4 6.2 2.9 2.0 5667 703 19.3 5.9 2.4 3.0 5600 750 20 . 3 ~ 
4-5 5.9 2.9 2.8 5100 720 18.C 5.7 2. 5 3. 7 4967 737 19.3 
>-5-6 5.7 2.8 3.5 4900 760 19.2 5.4 2.4 4.7 4900 757 20 . 2 Cl 
0-1 5.8 4.1 3.2 5333 623 19 .3 4.7 3.5 9.3 4033 543 22.0 ~ 
1-2 6.4 3. 3 1.5 6333 667 20.3 5.8 3.1 3.2 5733 680 20.7 n c:: 
2 2-3 6.4 3.4 1.7 6300 687 20.3 6.2 2.9 2.2 6167 743 19.5 t"' 3-4 6.3 3.2 2.0 6067 727 20.3 6.1 2.9 2.7 5700 773 20 .3 .,.., 2 2 c:: 4-5 6. 1 3.4 2.7 5967 770 20.8 5.9 2.5 3. 7 5367 800 20 .5 :<l 5-6 6.1 3.3 2.5 5767 743 20.2 5.6 2.8 4.2 5167 827 20.7 ;:.. 
t"' 
0-1 5. 6 4. 2 3.8 4567 577 18.0 4.8 3.9 9.7 4233 530 22.7 trl 
1-2 6.3 3.5 2.0 5500 620 18.7 6.3 3. 3 1.7 6400 653 20.7 X 
2-3 6.3 3.2 1.8 5633 647 18.3 6.6 3.0 1.2 6700 700 21.0 'tj 3 ,2 3 tTl 3-4 6.2 3.1 2.3 5367 670 18.7 6.5 3.0 1.3 6433 730 20. 8 ~ 4-5 5.9 3.1 3.0 5067 690 18.7 6.4 2.8 1.8 6067 747 20.3 s:: 5-6 5.7 3. 3 3.7 4933 743 19.3 6.2 2.9 2.5 5667 760 20.2 tTl 
643 4.9 3.9 10.0 3667 533 21.7 Z 0-1 5.5 4. 4 4. 7 4933 20.3 ....j 
1-2 6.2 3.4 2.2 6067 687 20.5 6.3 2.8 2.0 5467 650 18.7 Vl 
2-3 6.4 3.4 1.8 6367 723 21.1 6.6 2.7 1.2 5833 683 18.7 ....j 4 2 4 ;:.. 3-4 6. 3 3. 3 2.3 5967 737 20.7 6.5 2.7 1.5 5567 690 18 .5 ....j 
4-5 6.2 3.5 2.7 5667 750 20.2 6.3 2.5 1. 8 5133 703 17.8 0 5-6 6.0 3.1 3.5 5567 810 20.8 6.1 2.5 2. 8 5333 797 19 . 7 Z 
0-1 5.9 3. 1 3.2 5300 640 19 . 2 4.9 3.6 7.2 4433 580 20.7 
1-2 6.5 2.6 1.2 6200 650 19.5 6.1 2.9 2.3 6067 667 20.5 
2 2-3 6.6 2. 5 1.0 6200 677 19.5 2 2 6.3 2.6 1.3 6267 713 20.7 3-4 6.3 2.5 2.0' 5567 693 113.8 6. 3 2.5 2. 2 6000 733 20.3 
4-5 6.1 2.5 2.5 5300 720 18.8 6. 1 2.4 2.7 5567 760 19.8 
5-6 5.8 2.4 3.2 4933 747 18.7 6.0 2.7 3.0 5567 797 20.3 
Table 11. Final Soi l Test Values und er Reed Canarygrass by One Inch Depths after Si x Years of Topdressings*. 
tJeutra 1 i- Lbs. per Neutral i-
zab l e CEC zab l e Lbs . per CEC Factorial 2,000,000 lbs Factorial 2,000,000 lbs Depth 0. t1. Aciditv t·le/l00 gm OJ1. IIci dity t1e/l00 gm 
N p K Inches pHs 
" 
Me/ l 00 gm Ca r1g Soil N P K pHs % Ne/l00 gm Ca t1g Soil 
0- 1 5.8 4.3 3.5 5667 687 20.8 5.0 4.3 6 .3 4167 540 19.2 
1-2 6.4 3.2 1.7 6767 717 21.2 6. 1 3.5 2.2 6167 650 20. 7 
2 2 2- 3 6.5 3 ,0 1. 7 6367 713 20.0 2 2 2 6.5 3.2 1.3 6000 663 19 .2 3-4 6.4 3.2 1.8 6233 737 20 .7 6,2 3.3 2. 5 5933 730 20.5 
4-5 6.3 2.8 2.0 6300 793 21.3 6.0 3.4 2.8 5467 743 19,8 
5-6 6. 1 2.8 2 ,3 5900 823 20.7 5.9 3.3 3.0 5133 757 19 .0 
0- 1 5.8 3.8 3.7 5100 630 19 .5 4.8 4.7 9.7 3500 483 20.7 
1-2 6.4 3.0 1.5 6033 653 19.5 5.8 3.6 3. 7 5500 590 20.0 ~ 
2 3 2-3 6. 5 3.0 1.5 6000 700 19 .8 2 2 3 6 .3 3.6 2.2 6033 643 20.2 tl1 3-4 6.3 3.2 2.0 5500 727 19.0 6.3 3.1 2.2 5733 663 19. 3 rn tl1 4-5 6.1 3. 1 2.8 5433 763 19 .5 6 , 1 3. 5 2.7 5533 717 19.7 :> 
5-6 5.9 2.8 3.8 5267 807 20.5 5.8 3,3 4.0 5133 750 20 .2 ~ n 
0-1 5.4 4. 3 4.7 4300 543 18.2 4.8 4.4 9.5 4200 580 22 .7 :r: 
1-2 6.2 3 .6 2.0 5867 630 19.5 6.2 3.5 2.3 6300 717 21.5 lJj 
2-3 6.4 3.6 1.7 6033 653 19.8 6.4 3.3 1. 8 6267 750 21.0 c:: 2 4 2 2 4 t-' 3-4 6.3 3,3 2.2 5800 687 ' 9.7 6.3 3.3 2,0 6167 803 21.0 t-' 
4-5 6,1 3.2 2.S 5400 717 19.2 6. 1 3.3 2.5 6000 840 21.2 tl1 
5-6 5.9 3.0 3.5 5267 800 20 .0 5.8 2.9 3,5 5700 883 21.7 :l Z 
0- 1 5.9 3.0 3.3 4900 617 18.3 5.2 3.9 5.8 4500 577 19,8 ...... 
1-2 6.3 2.2 1. 8 6033 670 19. 8 6.3 3.0 1. 8 6033 610 19.5 0 
2-3 6.4 2. 1 1.7 5433 667 18.2 6.4 2.4 1.5 6300 657 20.0 \jJ 3 2 3 \0 3-4 6. 1 2.1 2.5 5367 707 19.0 6.2 2.7 1.8 5733 690 19.8 
4-5 6.0 2. 5 2.3 5433 743 19 .7 6.0 2.8 3.0 5133 700 19 .0 
5-6 5.7 2.1 3.8 4733 740 18.8 5.7 2.8 3.8 5100 750 19.8 
0-1 6.0 4.3 2.R 55G7 623 19.7 5. 2 4.7 6. 5 4967 643 21.7 
1-2 6.5 3.4 1. 3 6733 673 20.8 6.3 3.9 2.0 7033 740 22.S 
3 2 2-3 6.6 3.2 1.0 6667 687 20.8 6.6 3.0 1. 2 7233 740 22.5 3-4 6.7 2.9 0.7 6900 723 21. 3 2 3 2 6.4 3.0 1.5 6633 787 21.7 4-5 6.4 3 .1 1. 5 6167 750 20.0 6.2 3.3 2.2 6400 827 21.8 
5-6 6.3 2,8 2.0 5833 773 20 ,2 6.1 3.1 2. 7 6133 870 21.8 
0-1 5.7 3.4 3.8 4667 563 18.5 5. 3 4. 2 6.0 4833 587 20.0 
1-2 6.3 2.7 2. 0 5566 600 18 .6 6.3 2.9 1.7 6067 627 19.7 
3 2-3 6.4 2.5 1.7 5500 620 17.8 2 3 3 6.5 3.1 1. 3 6133 670 19 .7 3 6.2 2.5 2,7 5133 640 18 . 3 6.3 2.8 2.2 5867 700 20.0 VI 3-4 \0 
4-5 6.1 2.6 2.7 4867 663 17 .8 6.2 3.0 2.3 5767 743 20.0 
5-6 5.9 2.6 3.2 4667 700 17.S 6. 1 2.9 2.3 5667 793 20.5 
Table 11 . Final Soil Test Values under Reed r.anarygrass by One Inch De~ths after Six Years of Topdressings*. 0> C 
tleutra 1 i- Lbs . rer Neutra 1 i - Lbs . per 
zab1e CEC zab1c CEC Factorial Depth 0.t·1. Aci dity 2,000,000 1bs r'1e/100 gOI Factorial O. ~1. J\cidity 
2,000,000 1bs Me/lOO gm 
N p K Inches pHs Co' Me/100 gm Ca t1g Soi 1 N P K pHs 
,. 
r'1e/100 gm Ca t1g Soil ., 
" 
0- 1 5.7 3.5 4.3 4367 547 18 .0 4.9 4.8 3.3 4267 567 21. 8 ~ 1-2 6.2 2.6 2.3 5533 613 19 . 1 6.0 3.6 3.3 6233 673 22.2 
2-3 6.4 3 . 1 1. 8 5933 643 19 .7 6.3 3.G 1. 8 6567 723 21. 7 Vi 3 2 3 4 Vi 3-4 6.2 2.6 2.3 5367 660 18.7 6.3 3. 2 1. 8 6433 757 21.3 0 
4-5 5.9 2.5 3.7 4867 687 19 .0 6.2 3.5 2.3 6467 820 22.2 c:: ::<: 
5-6 5.6 2.5 4.3 4667 723 19.2 6.0 3.5 3.2 6000 840 22.0 -
0- 1 5.8 3.9 3. 5 5233 620 19.5 4 .7 3.7 7.2 3867 443 18. 5 >-Cl 
1-2 6.6 2.9 1.2 6933 713 21.8 5.8 3.2 2.7 5500 530 18.3 ~ 
4 2-3 6.7 2.6 0 .8 6767 743 21.2 2 4 6.3 2.7 1.8 5867 600 18 .3 n 3-4 6.5 2.5 1.5 6100 747 20.2 6.3 2.9 1.8 5733 633 18 .0 c 
4-5 6.3 2.6 2.0 6000 803 20.7 5.8 2. 5 2.7 5133 660 17.5 r-
-I 
5-6 6.0 2.6 3.0 5800 857 19. 7 5.7 2.9 3.0 4900 713 17.7 c:: ::<: 
0-1 6.0 3.7 2.7 5567 670 19 . 7 5. 1 4.6 7. 8 4400 547 21.2 > 
1-2 6.5 3.4 1.3 6533 723 20 .8 6.0 3. 1 2.8 6167 653 21.2 r-
2-3 6.6 2.7 1.0 6700 757 21. 2 6.3 3.2 2.2 6367 700 21. 2 tTl 4 2 2 4 2 >< 3-4 6. 5 2.5 1.5 6133 737 20.3 6.2 3.3 2.2 6000 733 20 .5 "tI 
4-5 6. 3 2.8 1. 8 6200 840 21.0 6.1 3.1 3.0 5667 753 20.5 In 
5-6 6.3 2.7 2.2 5700 850 20. 2 6.0 3.0 3.2 5367 770 20.0 ~ $:: 
0-1 5.9 3.7 3.3 5233 640 19.5 5.0 4.3 7.B 3967 517 20 .2 In 
1-2 6.4 2.8 1.7 62f7 667 20.3 6.3 3.6 1. 8 6433 673 20.5 Z 
-I 
4 3 2-3 6.4 2.7 1.5 6433 713 20.8 2 4 3 6. 5 3.0 1. 3 6300 683 20 .2 C/l 3-4 6.5 2. 6 1.3 6100 727 19.7 6.5 3.0 1.5 6467 727 21.0 -I 
4-5 6.3 2.6 1. 8 5800 747 19 .8 6. 2 3.0 2.:> 5833 753 19. 8 > 
5-6 6. 1 2 .7 2.5 5600 780 20 .0 6.0 2.9 2.8 5500 783 20.2 -I (5 
0-1 6.1 3.7 2.5 5400 647 19.5 4.9 4.1 7.5 4367 583 21.0 Z 
1-2 6.5 2.8 1.3 6433 713 20.8 6.1 3.2 2.7 6000 687 20 . 6 
11 4 2-3 6.6 3.0 1.0 6633 737 21.0 2 4 4 6.3 3.0 1. 8 6200 737 20.7 3-4 6.4 2.8 1.7 6267 777 20.8 6.1 3. 1 2.7 5500 740 19.7 
4-5 6. 3 2.8 2.0 6033 790 20.8 6.0 3.2 2.8 5400 780 19.8 
5-6 6.2 3.0 2.3 5633 807 20 .0 5.7 3.3 4.0 5133 787 20.5 
*Means of three replications. Data for P205 and exchangeable K Appendix Tab l e 10. 
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Table 12. Effect of N P K Treatments on Final Soil Test Values 8-14 Inch 
Depths under Reed Canarygrass after Six Years . 
Factorial P205* CEC 
N P K pHs Pl P2 Ca Mg Ex K Me/l00 gn 
Lbs /2,OOO ,000 
1 4.8 9 9 4500 890 196 24 . 5 
2 5.5 6 9 5200 910 196 22.5 
3 4.9 6 9 3500 790 160 21. 0 
4 5.3 5 11 4100 800 186 20.5 
2 1 5.0 6 9 4400 880 179 23.5 
2 2 4.9 5 14 5300 1000 252 27.5 
2 3 5.2 11 16 4700 880 192 22.5 
2 4 5.1 9 9 4700 870 192 24.0 
3 1 5.0 6 9 5000 1000 196 26.5 
3 2 5.5 18 20 4700 850 188 23.5 
3 3 4.9 9 11 7400 920 218 23.0 
3 4 5. 1 7 14 3700 730 148 20.0 
4 1 5.0 14 16 5000 980 224 25.0 
4 2 5.3 11 18 5200 950 238 25 .0 
4 3 5.0 8 11 5100 1000 256 25.5 
4 4 4.9 6 9 4700 940 212 25.0 
2 1 1 4.8 5 9 4500 930 196 26.5 
2 1 2 5.1 7 11 4600 890 188 23.0 
2 1 3 5.2 14 14 4500 840 180 21 .5 
2 1 4 5.2 9 14 5900 1000 270 28.5 
2 2 1 5.0 6 16 4700 890 192 23.5 
2 2 2 5.0 14 16 4400 840 184 22.0 
2 2 3 5.0 7 7 4600 930 194 25.0 
2 2 4 4.9 5 11 5000 970 232 26.5 
2 3 1 4.8 5 9 4400 950 200 25.0 
2 3 2 4.8 7 9 4800 960 244 26 .0 
2 3 3 5.0 11 11 5100 970 238 25.5 
2 3 4 4.9 9 9 5700 1000 276 26.5 
2 4 1 5.1 6 9 4300 880 164 23.0 
2 4 2 5.1 7 9 5200 940 194 26.0 
2 4 3 5.1 7 9 5400 940 238 27.0 
2 4 4 5.2 7 9 4600 860 188 23.5 
*P, P2 i ndicate Bray's weak and strong extractants respectively. 
Ta~ l e 13 . Phosphorus and Potass i um Content of ~eed Canary~rass Forage at Different Dates and Cutti ngs .* 
1973 1974 1975 1976 
Factor i al Cut 2 Cut 3 Cu t 1 Cut 2 Cut 3 ~ Cut 2 Cut 3 ~ Cut 2 
N P K P K P K P K P K P K P K P K P K P K P K 
" 
" 
1 . 20 1.84 .19 1. 24 .20 2.61 . 20 2.75 .18 1.44 .19 2.66 .24 1. 80 . 16 1.53 . 16 2.27 . 15 2.15 
2 . 18 2. 13 . 18 U 4 . 27 3.20 . 24 2.58 . 18 1.62 . 23 3.13 .25 1.91 .20 1.49 . 13 1.93 .20 2.41 
3 .24 2.08 . 16 1. 33 .22 3.311 . 20 3.03 .18 1. 50 .20 3. 34 .18 1.83 . 18 1. 60 .17 3. 02 . 20 2.57 
4 . 26 2.18 . 1E 1.4t: .22 3.53 . 19 3. 15 .1e 1.57 .20 3. 76 . 19 2. 11 .1 7 1.60 .16 3.08 .17 2.58 
2 1 . 28 2.36 .20 1. 38 .31 2.70 .23 2.72 .27 1. 48 . 29 2.60 .32 1. 70 .25 1. 52 . 26 2. 33 . 28 2.23 
2 2 .26 2.12 .19 1.25 . 31 3. 21) . 29 3.97 .25 1. 47 .31 3.06 . 35 1.93 .27 1.64 .25 2.6(; .26 2.45 
2 3 .29 2.1 5 . 22 1. 24 . 30 3.51 .24 3.aO . 24 1.44 .29 3.40 .30 1. 87 .25 1. 56 . 24 2.76 . 26 2.47 
2 4 .32 2.21 . 24 1.48 . 33 3.73 .29 3.02 . 26 1. 60 .30 3.60 .32 1.96 .26 1. 64 . 29 3.49 . 26 2.65 
3 1 .30 1.83 . 26 1.l g .35 2.60 .30 2.51 .28 1. 38 .32 2.57 .31 1. 74 .28 1. 37 .23 2.07 .33 2. 22 
3 2 .24 2.09 .26 1.'13 .36 3.39 .31 3.aO .33 1.47 .40 3. 16 .43 1. 91 .33 1.55 .32 2.77 .32 2. 63 
3 3 .26 2.07 .20 1.38 .34 3.49 .30 3.08 . 26 1. 51 .37 3.28 .34 1. 83 .28 1. 59 .30 2. 96 . 30 2.47 
3 4 . 20 2. 16 .23 1.52 .34 3. 71 .28 3.al . 31 1.lle .36 3.42 .37 1. 97 .28 1. 32 . 31 3. 2C . 31 2.50 
4 1 ~? . L-' 2.19 .20 1. 42 .29 2.1)3 . 26 2.m . 26 1. 53 .29 2.75 .26 1. 67 . 27 1. 58 . 28 2.61 . 27 2.26 
4 2 . 17 2.15 .24 1.49 .30 3.33 .25 2.97 .26 1. 53 .21) 3. 19 .32 2.01 .26 1.68 .26 2.79 .27 2. 51 
4 3 .20 2.02 .18 1.24 .30 3.56 . 28 3.06 .30 1.47 . 28 3.37 .33 1.78 . 2E 1.59 .25 3. 21 . 28 2. 57 
4 4 . 21 2.00 .20 1.41l .30 3.71 .24 3.32 . 20 1. 56 .25 3.64 .25 1. 98 .22 1. 86 .25 3.49 .24 2.65 
2 1 . 14 2.18 . 13 1.21 .16 2.58 .1€ 2.66 . 14 1. 48 . 14 2. 53 .13 1.83 . 11 1.30 .13 2.17 . 15 2.29 
2 2 .15 2.39 .1 2 1,ll2 . 20 3.11 .113 2.S8 . 14 1. 3e .1 4 2.99 .14 2.39 . 12 1. 77 .1 2 2. 38 . 14 2.51 
2 3 .20 2.25 .1 3 1. 44 . 17 3 . 45 .16 3.23 . 13 2.01 .1 9 3.03 . 17 2. 15 .1 3 1. 80 . 16 2.64 .17 2. 57 
2 4 . 14 2.42 .14 1.31 . 22 3.42 . 19 3.14 . 16 1.88 . 14 3. 23 .14 2.49 .13 2.07 .17 3. 07 .13 2.61 
2 2 1 .25 1. 76 .17 1. 19 . 27 2.53 . 2B 2.90 .1 9 1. 38 .24 2.24 .19 1. 61 .15 1.36 .22 2.10 .1 9 2.1 5 
2 2 2 .24 , ~.90 . 20 1. 34 .28 3.04 . 24 ~ no t... ( u .17 1. 56 .26 2.46 . 19 1.72 .15 1. 51 . 21 2. 23 . 20 2. 18 
" 2 3 .22 2.42 . 16 1. 51 . 28 3.53 .26 3. 15 . 17 1. 90 . 25 2.96 . 19 2. i G . 15 1.95 .21 2.67 . 19 2.55 ~ 
2 2 4 . 21 2.49 . 16 1. 33 .30 3.50 .25 3. 19 .W 1.99 . 27 3. 16 .1 G 2.38 .13 2. 1C .21 2.S5 . 20 2.75 
Tat-le 13. Phosphorus and Pot~ ss ium Content of ~eed Canaryo.rass Fora~e at Different Dates and Cuttings.* 
1973 1974 1975 1976 
Factorial ~ Cut 3 Cut 1 Cut 2 Cut 3 ~ Cut 2 Cut 3 Cut 1 Cut 2 
N P K P K r K P K P K P K P K P " P K P K P K -
,. 
n 
2 3 1 .25 1.70 .19 1.1 3 .32 2. 45 .26 2.72 .26 1. 55 .31 2.57 .25 1. 76 .23 1. 57 .2e 2. 1~ .26 2.03 
2 3 2 .28 2.47 .20 1.30 .30. 3.17 .23 3.12 .22 1.59 .31 2.5fj .24 1. 71 .20 1.62 . 27 2.51 .25 2.28 
2 3 3 .2£ 2.30 . 19 1.24 .34 3.48 .31 3.04 .23 1.72 .32 2 . e8 .2£ 2 .1 2 .22 1.e9 .28 2.73 . 26 2. 43 
2 3 4 . 29 2.60 .22 1. 53 .33 3.59 .30 3.23 .22 2.08 . 30 3 .1 2 .23 2.55 .20 2 .1 5 .29 3.05 . 24 2.69 
2 to 1 .22 1.79 .13 1.32 .28 2 .66 . 22 2. 79 .22 1. 37 .28 2.18 .1 8 1.46 .14 1. 26 .28 1. 89 .22 1.77 
2 4 2 . 24 1.93 .18 1. 42 .26 3.GS .24 2.91 . 19 1.77 . 24 2.65 .20 1.95 .16 1. 67 . 25 2. 44 .23 2.41 
2 4 3 .26 2.72 .16 1.28 .28 3.52 .23 3 .1 9 . 1G 2.02 . 25 3.01 .20 2.29 .17 2.17 .26 2.93 .22 2 .45 
2 4 4 .21 2.37 .1 5 1. aq .27 3.63 .24 3.30 . 17 2.02 . 24 3.27 .17 2.47 .15 2.28 .25 2. 62 .20 2.77 
-- - -- ------------------ ---------- - - ---- --------------------- - ----- -- --------
1977 Cutting t·leans 
Factorial Cut Cut 3 Cut Cut 2 Cut 3 
tl P K P I: P K P K P K P K 
% 
1 .15 2.33 . 12 .9£ l e. • u 2.47 . 20 2.14 . Hj 1. 30 
2 . 18 2. 70 . 16 1.1 5 .22 2.74 .22 2.27 . 18 1.43 
3 . 17 2.71 . 11 1.03 .19 3. 10 .21 2.3e .16 1.37 
4 . 14 2.99 .11 1.ns . 13 3.34 . 20 2 .51 . 1E lA2 
2 1 . 2S 1.98 .21 1.04 .28 2.40 .29 2 .25 .23 1.36 
2 2 . 24 2.55 .13 1.17 ~o .t.u 2.e9 . 29 2.62 . 22 1.38 
2 3 .23 2.76 .15 1.09 .27 3.11 .27 2.37 .22 1.33 
2 4 .22 2.C4 . 12 1. 27 .29 3.42 .30 2.46 . 23 1. SO 
3 1 .32 1.96 . 23 . 89 .32 2.30 .31 2.09 .26 1.21 
3 2 .33 2.65 .23 1. 20 .35 3.00 .33 2.41 .29 1.41 
3 3 ~o .~ , 2. 72 .24 1. 22 .33 J . 11 .30 2.3£ . 25 1.43 
3 4 . 2f. 2.82 .1 9 1. 39 .32 3.31 .29 2.4 1 . 25 1.55 
4 1 .27 2.04 . 22 LOS .28 2. 5£ .26 2.23 .24 1.40 
4 2 . 25 2 .6G .1 9 1. 25 .27 2.99 .25 2.41 .24 1.49 
4 3 .24 2 . 7G .1 9 1. 20 .27 3.23 . 27 2.36 .23 1. 3C 
~ 4 .21 3 .03 .17 1.17 .25 3.47 .24 2.49 .20 1.51 
2 1 . Hj 2. 1 .11 .82 .15 2.40 . 15 2.25 .1 2 1 .20 
2 2 . 12 2.51 .09 1.15 . 15 2.75 .15 2.57 . 12 1. 55 
2 3 . 17 2.(,7 .13 1. 35 .17 2.95 . 18 2.55 . 16 1.65 
2 4 .15 2.78 .10 LOG .17 3.1 3 . 15 2.66 .13 1.5e 
1977 Cuttino r·leans 
Factorial Cut Cut Cut Cut 2 Cut 3 
rl p K P r: p K P K P K P K 
\; 
2 2 1 .24 1. 6~ .1 C, . 86 .24 2 .1 4 . 23 2. 11 .1 7 1.20 
2 2 2 .23 2.2e l r. 1. 05 .25 2 .50 .22 2 .17 . 17 1.37 
2 2 3 .21 2.S5 .1 E 1. 52 .24 2 . 93 .22 2.58 .le 1. 72 
2 2 4 .20 2.6E .15 1.(7 .25 3.Q4 .21 2. 70 . 1£' LSD 
2 .31 1. 54 .21 . 34 .31 2. 13 .26 2.05 .22 1 .27 
~ 3 2 .27 2.21 .20 1. 34 .30 2.61 .26 2.40 .21 1.46 L 
2 3 3 no .CJ 2.~4 . 22 1. 24 .30 2.8S .28 2.47 . 22 1 .52 
" 3 4 .27 2 . 73 .22 1 . 49 .30 3. 12 .27 2 . 77 ?n 1. 81 L .~L 
2 " 1 .20 1.49 .1 9 .79 .28 L. IJG .21 1. 95 .1 8 1.1 9 
2 2 .21 2.34 .17 1. 03 .26 2.f3 . 23 2.30 . 1;J 1. ~7 
2 " J n? .L~ 2. (.l .1') 1.3f .25 3.02 .23 2 . (,( . 18 1.71 
2 t: ?n . ~v 2.75 .17 1.49 . 24 3.07 .21 2 .7 3 .1G U)l 
*No ana l yses ~!ere made on Clitt i n9 1, 1':7]. lJata for cuttin~ 1, 197f. used to estirlcte P and ~; renoved in 1st cutt ing 197] . Only 1 replication 
an?lysized cutting 2 , 1973 , all three r eDl i cat ion s of cuttinc 3, 1973 cor,lpos ited fo r analysis. All replication s of a treatment cOffiposited 
for a samp l e i n 1974 . ;~ ll data for 1'175 , 1975 , l qn are means of thl"ee individual va lue s f or each treatn;ent. 
Table 14 . Relationships of Final 0-3 Inch, PZOS (PZ) Soil Test Values to Yields of Reed Canarygrass. See Table 11 for data. 
Yield Percent O~timum Yield 
R2 R2 R2 R2 
1975- 1973- 1975- 1973-
Function Equation 1977 1977 Equation 1977 1977 
Li near PZOS y : 2.69 + .01 (P20S) .15* .04 Y : 79.40 + . 30 (PZ05) .23* .07* 
Quadrati c P20S y : .88 + .09 (P20S) - .0006 (P205)2 .34* .Z3* y : Z4 .20 + Z.6S (PZOS) - .OZ (PzOS)Z . S6* .46* 
Quadratic PZOS, ° K20 Y : -.67 + .1S (PZOS) - .001 (PzOs)Z .60* .Z6 y = -20.04 + 4.30 (P205) - .03 (P20S)Z .97* .7S* 
Quadratic P20S' 50 KZO Y : .42 + .13 (PZOS) - .001 (PZOS)2 .53 .49* y - 12.68 + 3.69 (P 205) - .03 (P205)2 .78* .77* 
Quadratic P20S, 100 K20 Y : 14.91 - .39 (P205) - .003 (P20S)2 .1S .01 y: 427.76 - 10.99 (P205) - .08 (P205)2 .25 .05 
Quadratic P205, 150 KZO Y : .08 + .13 (PZ05) - .001 (P Z05)Z .19 . 17 Y : -6 .40 + 4.1 0 (P205) - .03 (P205)2 .43 .08 
*Significant at .05 ;: .. 
Table 15. Relationships of Final 0-3 Inch PZ05 (Pl) Soil Test Values to Yields of Reed Canarygrass, Yie ld Data for 1975- 1977. 
for Data . 
See Table 11 
Function 
Linear PZOS 
Quadratic PZOs 
Quadratic PZOS, 0 KZO 
Quadratic PZ05' 50 f:ZO 
Quadratic PZOS, 100 K20 
Quadratic PZOS, 150 KZO 
*Signific,nt at .05 level . 
Yi eld 
Equation 
y = Z.66 + .01 (PZOS) 
Y = 1.13 + 1.11 (PZOS) 
Y = .37 + . 1S (P Z05) - .001 (PzOS)Z 
y = 1.54 + .08 (PZOS) - .003 (PZOs)z 
y = -1.7~ + . Z4 (PZ05) - .OOZ (PzOS)z 
y = .84 + .14 (PzOs) - .001 (PzOs)z 
RZ 
1975-
1977 
.16* 
.40* 
.57 
. Sl 
.ZS 
.21 
Percent Optimum Yield 
Equation 
y = 78.S3 + .43 (PZOS) 
y = 31.91 + 3. 25 (P20S) - .03 (P20S)Z 
y = 11. 39 + 4.Z8 (PZOS) - .04 (PZOS)Z 
y = 44.74 + Z.S4 (P Z05) - .OZ (P20S)Z 
y = -60.S8 + 7.SS (PZOS) - .08 (PZOs)Z 
y = 20.60 + 4.3S (P205) - .OS (pzOS)2 
RZ 
1975-
1977 
.30* 
.67* 
.97* 
.79 
.61 
.40 
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Table 16. Nitrogen Carryover from 200 lbs. N/A Topdressed on Tall Fescue 
and Reed Canarygrass. 
Factorial 
N P K 
0 2 1 
0 2 2 
0 2 3 
0 2 4 
Avg. 
2 1 
2 2 
2 3 
2 4 
Avg. 
2 2 1 
2 2 2 
2 2 3 
2 2 4 
Avg. 
yield due to 100 lbs N 
yield due to N from 2nd 
100 1 bs N 
percent of 2nd 100 lbs in 
effecting 1st cutting 
* 6 yr mean 
**4 yr mean 
Tall Fescue* 
.44 
.44 
.37 
.46 
--:43 
1. 71 
1. 79 
1.72 
1. 79 
1:75 
1. 98 
2.23 
2.26 
2.32 
2.20 
1. 75 
- .43 
1:32 
2.20 
-1.75 
-:45 
.45 _ 34% 1.32 -
Reed 
Canarygrass** 
.28 
.29 
.24 
.29 
-----:28 
1. 10 
1.13 
.96 
1.22 
T:TO 
1.43 
1.45 
1. 56 
1. 50 
1:40 
1.10 
- .28 
~ 
1.49 
-1.10 
--:39 
~ = 48% 
.82 
66 lbs. N used 2nd cutting 52 lbs. N used 2nd 
and 3rd cutting 
66 ; 52 = 59 or 160 lbs split would be 
amount tl needed annually to produce the optimum 
yields, no legumes in the grasses. 
